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PREFACE 


This book has two purposes, of which the primary one is of course 
technical. It is intended as a companion volume for a practical class 
doing the experiments, and its purpose here is to help train young 
psychologists to think experimentally. 

The second purpose, certainly more ambitious, is to induce those 
primarily interested in the humanities to take a glimpse at the kind 
of thing going on in practical psychology classes. The editor can 
personally testify that in spite of the many protestations he has heard 
on both sides of the Atlantic from humanists and administrators 
there are many people in responsible positions who still have serious 
misgivings about the psychological laboratory. (“How can you experi- 
ment on the Human Mind?’ And again: ‘Surely experiments on 
animals must always be humanly irrelevant’.) This attitude is more 
common perhaps among the older generation and on the eastern 
side of the Atlantic. The general point is elaborated later. It is hoped 
that some at least of these disbelievers may be induced to read the 
introductions and perhaps even to glance through some of the 
experiments. 

There are then two introductions; one for humanists, one for 
psychologists, no mutual exclusion being implied since none exists. 


May the best men read them! 
G.H. 
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GEORGE HUMPHREY 


Surprisingly often the question is asked why psychologists do experi- 
ments. On both sides of the Atlantic it is the humanist who seems 
especially disturbed by our experimental activities. The laboratory, 
the animal house and the slide rule are often faintly distasteful to 
him and he feels that the last sanctuary of the human spirit is being 
invaded.* 

Two cases. Two of many current cases will illustrate the point. A 
Philosopher of deservedly international reputation asked not long ago 
why psychologists bothered any more about instinct, when ‘All you 
have to do is to look in McDougall’s book [meaning his remarkable 
Social Psychology, first published in 1908], where you will find it all 
done up nicely. He’s settled the question once and for all.’ It was 
indeed done up nicely - too nicely, admirers of the experimentalist 
Tinbergen’s The Study of Instinct (1951) will think. Then again there 
is the revulsion some people feel against the experiments on animals, 
The head of an important North American University was lately 
looking for a man to direct his department of Psychology. ‘I want a 
human psychologist,’ he said, ‘not a rat runner.’ Animal experiments 
will be discussed later ; but it may be said here that they are as neces- 
sary for the psychologist as for the physiologist, and for the same 
reasons, and that the nature of the inquiry generally demands that 
free-moving animals be used. 

These examples, chosen from many, illustrate the misunderstand- 
ing found among many humanists» of what psychologists do in the 
laboratory and why they do it. Contributors to this book have been 
asked to bear the non-professional reader in mind; such readers will 
of course not be interested in the minutiae of classroom work, but it 
is hoped that this and the other Introductions, the statements of the 


- With appropriate modifications, this Introduction’ is the same as 
that in Social Psychology Through Experiment (Methuen 1962). 
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problems and the results and applications of the experiments de- 
scribed — perhaps also the controls introduced - may give the non- 
professional readers a rough idea of the nature and purpose of the 
psychological experiment. 


I. WHY EXPERIMENT AT ALL? 


To experiment is, roughly, to check one’s opinion of Nature against 
Nature herself. The foundation of much humanistic education lies in 
books; perhaps for this reason humanists in all ages, as a class, have 
been against experiment as an educational method. It seems to many 
highly cultured people to consist of ‘fiddling with bunsen burners and 
turning knobs’, not to involve ‘real thought’, and to be a sorry substitute 
for ‘the study of the great minds’. But it will be seen that in point of fact 
books have often done great harm by crystallizing and ultimately per- 
verting opinion, and that far from concerning itself with trivialities, 
scientific training and thinking follow a uniquely difficult path of intel- 
lectual humility. This intense kind of work necessarily comes into goo 
experimental teaching, just as the benefits of ‘the classics’ issue from 
their own kind of teaching when it is well done - but only then. 

Before dealing with the particular case of psychology the general 
problem will first be considered. Why experiment at all? Artists g0 
out to sketch and often use human models. In much of their training, 
also, human models are employed. Scientists go to nature in the 
same way — physical scientists to inanimate nature, physiologists and 
psychologists to living creatures, Carlyle once wrote: ‘The place 
where we are to get knowledge, even theoretic knowledge, is in the 
Books themselves.’ This is valiantly spoken; as a universal and un- 
qualified rule however it is just not true. Newman tells us, for 
example, that in Athens at its heyday there were no bookshops at 
all. Of course the scientist has to go to books, but finding out what 
People have written is only a part of it. He is interested rather in 
what they have done. For reading is a secondhand way of holding the 
mirror to nature. As Einstein has said: ‘If you want to find out any- 
thing from the theoretical Physicists about the methods they use I 
advise you to stick closely to one principle: don’t listen to their 
words, fix your attention to their deeds.’ (Quoted by Toulmin 1953 
P. 16.) And in the fifth century of this era Proclus,* the Neoplatonist 


* Courtesy of Mr C. E, Stevens, of Magdalen College, Oxford. 
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philosopher, tells of a man who found a lizard showing spots that 
Were not according to Aristotle. His conclusion was that the lizard 
was wrong. When again Galileo di Galilei’s astronomical reasoning 
and observation seemed not to conform with what was written, a 
sermon was preached against him on the text: ‘Ye men of Galilee 
why stand ye gazing up into heaven?’, though it is fair to say that 
Galileo received an apology from the head of the order involved. His 
contemporary Scheiner who claimed priority over him for the dis- 
covery of sun-spots was told, on communicating what he had seen: 
‘I have read Aristotle’s writings from end to end many times, and I 
can assure you I have nowhere found anything similar to what you 
describe. Go, my son, and tranquillize yourself; be assured that what 
you take for spots on the sun are the faults of your glasses, or of your 
eyes.’ (Fahie 1903, p. 130.) So far can books tyrannize over facts, and 
so far must Carlyle be allowed to be wrong. On the other side of 
the scale one may see an undergraduate, being shown something he 
has read about, not uncommonly exclaim with surprise that ‘it really 
works’, What surprises him is that what the books predict really 
happens ro him, so to speak. Before, he had ‘book knowledge’; now 
he has ‘personal knowledge’, and the exclamation is the mark of the 
transition from one to the other. 

Humanists against experiment. It is probable that the humanist has 
fought shy of experiment in all ages and for much the same reasons, 
though these are perhaps not always explicitly stated or even realized. 
Teaching men to control men has seemed a higher endeavour than 
teaching them to work with their hands. Skill in the use of military 
arms has always been an exception. The reason the ancient Greeks 
made little progress in experimental science is said to be that they 
felt manual work was somehow degrading for a free man. The 
Athenian man thought it comic and mildly unworthy that people 
should interest themselves in commonplace things such as the buzz 
of a mosquito (Aristophanes’ Clouds), though in view of the alleged 
Prevalence of malaria in the ancient world a little knowledge of this 
insect would not have been a dangerous thing. A trace of the same 
attitude seems to linger somewhere in this still persistent attitude of 
the humanist. Experiment is often disturbing or brings results dis- 
turbing to people of fixed - and irreproachably honest - opinions. 
To those who havg never practised it, and therefore do not see it in 


3 


PSYCHOLOGY THROUGH EXPERIMENT 


its context, it does seem trivial, fiddling and somehow not worthy of 
the attention of the best minds and the best men, who ought, it is 
felt, to be occupied better than by peering into test-tubes and in 
general playing peeping-Tom into trivialities. Not so long ago, and 
in the presence of the writer, a philosopher laughed uproariously 
when told that a student had obtained a doctorate with a thesis de- 
scribing in new detail the processes at work when an earthworm 
moves, an activity of great interest to biologists and one which forms 
a paradigm to important human functions. But wisdom is justified 
of all her children. Experiment often leads to material progress, 
which itself is often disturbing. Classroom experimentis indeed trivial 
and fiddling and often accompanied at school by tomfoolery; but not 
more so than learning the basis of any technique, from irregular verbs 
to five-finger exercises, and — that old example — the multiplication 
table, whether one actually learns the table or talks about matches in 
a matchbox. And the fiddling with test-tubes, the turning of knobs 
and other such manual activities, together with the laborious comput- 
ing of probabilities, are of course in well-designed laboratory work as 
well as in research an insignificant-seeming though necessary part of 
the total experimental activity, which may call for an intellectual 
power, a concentration and a patience at any corresponding stage as 
great as that which any humanist may practise. Would anybody look 
down on Shakespeare because he once spent a large part of his time 
fiddling with a goose feather ? The parallel only seems trifling because 
Ree take the technique of writing so much for granted, forgetting the 
infinitely laborious preoccupation with trivialities by which. we all 
had to learn it, or even that these small movements, acquired with 
or without tears, are trivialities only when considered out of theif 
context. The time will come when those responsible for the teaching 
of the succeeding generation will regard learning to experiment as 
a ee ee 
of the liquid te <n ie ae a bunsen burner or to read the level 
een P e ed tube is as fundamental as learning we 
not so long ago in the hi 2 a Se ge 
day skills of our socie Story of our race that to possess these every- 
ic Steg, Ve ty was regarded as unworthy of a noble man, 
> er back, of a free one. 
Bronowski. It is the same kind of thinking. In a recent discussion of 
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the relation of science and society, Professor Bronowski made the 
point that the historian and the experimentalist use the same kind of 
reasoning process, and that as far as their thinking goes there is little 
difference between the two, or between the humanist and the scientist 
in general. Of course he is right. Human beings use the same basic 
mental processes whatever problems they are engaged on. But the 
experimentalist has this great advantage that he is able to check his 
conclusions by the repeated appearance of nature, not merely by the 
analogy (Bronowski) of other human beings. This direct comparison 
of hypothesis with fact is an advantage the historian would be glad 
to borrow. ‘What Song the Syrens sang’ we are told he can only 
conjecture; and however close his personal knowledge of songs and 
singers, he would be glad enough to check up on his thinking, to 
try the experiment and tape-record the performance. 

The battle is not yet won. It will be said at this point that experi- 
ment and the teaching of experiment in general have long been 
accepted by humanists and that what has been said is shouting after 
the war is over. It is true that the Royal Society was founded over 
three hundred years ago, for the purpose among other things of 
practising ‘the new experimental philosophy’; and that its activities 
and those of its members have won respect in Great Britain and 
everywhere else; further that largely under its leadership and that of 
Similar organizations throughout the world the growth of experi- 
mental science during the last three centuries has everywhere been 
enormous. But some may be surprised to hear that in 1869 Helm- 
holtz, who died only six years before this century began, was refused 
the chair of Physics at Oxford, now officially so liberal in these 
matters. According to Cyril Darlington, ‘an agreeable young .. . 
mathematician ... with a considerable estate in Lincolnshire’ was 
instead appointed by the five electors, of whom three were scientists 
“certainly not interested in experiment’. . . . The new professor ‘lived 
to a great age and for just fifty years [i.e. until after the First War] he 
was successful in forbidding all new physical experiments in the 
Clarendon Laboratory’. Helmholtz on the other hand ‘proved to be 
One of the greatest influences in the development of science, and his 
influence stretched beyond his own country and beyond his own 
time’, (1958, quoting Nature 1921.) It is simply nòt true that the 
humanist - speaking generally — has accepted experiment on completely 
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equal terms with his own kind of study. Though the story is probably 
fabled of the classical headmaster who, when his chemistry specialist 
was taken ill just before an examination had to be set, remarked 
that he must ‘take a day off and get up the subject’. But it 7s true 
that many humanists find it hard to believe that experiment demands 
real thinking. 

Jargon. Finally, to anticipate, psychologists with other scientists 
have been reproached in high quarters for using ‘jargon’. (It is in 
fact not so long since they were reproached for the opposite fault, 
of ‘giving bad reasons for what everybody knows already’.) It is 
hardly necessary to point out that for precision of thought new terms 
may have to be invented. The writer would also remind humanists 
that when he was being taught to understand Vergil it was considered 
necessary for him to know and use the terms asyndeton, aposiopesis, 
hemistich, zeugma, tmesis and chiasma. 

Why think? Try the experiment. The great Jenner, discoverer of 
vaccination, is often quoted. He is said to have asked the question at 
the beginning of this paragraph; but of course he did not mean that 
experiment and thought are mutually exclusive. The way he made his 
great discovery shows this. He first observed that milkmaids who had 
cowpox did not contract smallpox, and then had the thought that 
other people also might be protected by infecting them with the 
less serious disease. That is, he formed a hypothesis by a process 
of thinking. A hypothesis may be called an expendable opinion. But 
instead of continuing to speculate he immediately tested the hypo- 
thesis by trying the experiment. It is well for mankind that he did. 

The scientist and the model. Lord Kelvin used to say that he could 
not think properly about any physical event until he had visualized 
a mechanical model of it. The term was extended by another great 
physicist, Mach, Kelvin’s contemporary, who said that ‘the atomic 
jee x er a mathematical model for facilitating the mental repro- 
ae acts’ (Mach’s italics; see his Principles of Mechanics» 

pen Court, Chicago 1893, p. 492). The implication intended by 
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and which can be used to suggest further experiment. Thus what 
used to be called the association theory in psychology would now be 
said to serve as an elementary model for mental events; one idea 
revives a second one which has been related to it in one of several 
specified ways. This statement was thought to be derived from experi- 
ence; it was used in fact as the basis of many experiments; in an 
extended form it was used by the conditioned reflex workers for 
further experiments, and was put into mathematical terms by 
American workers and others. But it does only describe certain 
aspects of the events with which it deals; one of Pavlov’s dogs 
secreted 134 drops of saliva at the sound of a metronome previously 
associated with food. The major work gives time and date, but not the 
colour of the dog, the length of its tail, the height of the experimenter 
or the colour of his eyes. The book quite properly abstracted from all 
these things as ‘irrelevant’. Every natural event is greater than de- 
Scription can ever be; abstraction must always be made, as the artist 
and the scientist both know. And of course, this does not mean that 
the models of science (or the pictures of the artist) can be deduced 
from natural events by the ordinary processes of logic. Einstein has 
Pointed this out (Toulmin 1958, p. 43). Genius knows what to 
abstract from.* 

The scientist and the way of humility. The way of experiment is on 
all sides the way of humility, of the man who knows he can never 
know all of reality, but can only deal with a small part of it; who 
checks his hypotheses, wherever he obtains them, against nature her- 
Self; whose opinions, to repeat, are expendable. A good experi- 
Mentalist cannot be a ‘know-all’, for he knows too many difficulties. 
Ifhe has been well taught he sees problems where others see dogmas. 
To know what must be accepted and what may be questioned involves 
intellectual activity of the highest order. ‘He knows nothing and 
thinks that he knows,’ said Socrates. ‘I am better off, for I neither 
know nor think that I know.’ The path of humility as taught by 
Socrates may serve as a motto for all entrusted with the task of 
teaching, whether primary or university teaching, experimental or 
humanistic, It is a humbler way than that of the man ‘prepared to 
Stand by his opinions’, wherever acquired, from whatever authority 

* In the special theory of relativity abstraction was from the ob- 
Server’s point of view. 
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and however apparently ethical in character, or boasts, as some do, 
that he knows ‘everything that has been written’ on this or that. 
Properly carried out it requires generosity of spirit and tough, dis- 
illusioning thinking. It is a fair rule that the better the scientist, the 
humbler the man - at least about his subject. 

Newton wrote: ‘I do not know what I may appear to the world, but 
to myself I seem to have been only a boy playing on the sea shore and 
diverting myself in now and then finding a smoother pebble or a 
prettier shell than ordinary, while the great ocean of truth lay all 
undiscovered before me.’ Of him, in the year of his death, Pope wrote: 
“God said Let Newton be and all was light.’ The quotations are well 
remembered separately, and generally forgotten together. 

This then is a plea for experiment in general both as involving an 
intellectual activity of the highest power and excitement, and as a 
pre-eminently searching method of education. 

Experimental thinking often makes dangerous thoughts. A final word: 
especially in view of the growing social importance of Science it is 
today of transcendent urgency for the future of mankind that the 
coming generation shall be taught how thus to interrogate Nature, 
human and otherwise. If axioms, apparently self-evident, have to be 
questioned, and they must be, everybody must know why and how.* 
It is at its peril that mankind will listen without questioning to the 
voice of that philosopher who has told us that whatever is clear and 
distinct is true. What could be more clear and distinct than that the 
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to write like Shakespeare, in spite of the millions of hours still being 
spent on the drudgery of handwriting and literary composition. 
When any branch of knowledge can experiment it must experiment or 
it will die a dreary death. 
What of Psychology in particular? 


II. WHY EXPERIMENT IN PSYCHOLOGY? 


The answer to the question, why experiment in psychology, might 
properly be said to lie in the pages following these introductions, as 
wellas in the preceding ones. But itis well first to consider some of the 
objections actually raised. The case against is presented more or less 
as the present writer has authentically heard it expressed at various 
times, by people all of whom he admires and respects. It is important 
to remember that to a psychologist some of it may now seem dated. 

It is essentially impossible to experiment on mind. There is first the 
argument from the general nature of mind, an argument deriving 
ultimately, perhaps, from the philosophers. Mind is the ultimate 
observing tool, and therefore cannot be used to observe itself, any 
more, as a rather stupid undergraduate once said, than a telescope 
can be used to observe itself. Mind is private to its possessor, and 
the events that occur in it can only be communicated at a kind of 
second hand, through language and other intermediaries. Experi- 
ments involving such events are not verifiable, so that an essential 
advantage and characteristic of experiment, not hitherto mentioned, 
is lost. Another important characteristic of fruitful experiment, 
namely prediction, is also lost, since what cannot be verified cannot, 
a fortiori, carry over to a new context. Since, again, mind is the tool 
by which mind is observed, observation will alter that which is being 
observed. He who hesitates is lost, and the bank clerk of past days 
adding the columns of a passbook, while at the same time observing 
what is going on in his experience While he adds, would certainly be 
thrown off his balance, if the expression may be allowed. It is inter- 
esting to note here that the physical scientist has encountered this 
last difficulty, in that observation of his ultimate data has been found 
to interfere with the data themselves. Measurement of position 
changes velocity, and vice versa. Psychology - introspective psycho- 
logy at that - may claim to have anticipated physical science in this 
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point, and to have devised its own measures against the difficulty; 
though the physicist has left psychologists far behind by the elegant 
procedure of making virtue out of necessity, transforming un- 
certainty into the Principle of Uncertainty. 

Further objections against experiment in Psychology. To add to the 
tale: mind and mental events, it is said, cannot be measured. As it 
has been said of pleasure, they admit of the qualifications Jess and 
more, but not of quantitative assignment. Thus the chief instrument 
of experiment is lost. Psychology has followed too closely the special 
(and often transient) theories of the philosophers, such as that built 
up by Hume on ‘the best scientific models known by hearsay to him, 
namely those of mechanics and hydraulics’ (Ryle 1953). Investi- 
gators have thus, it is said, been diverted into paths that lead no- 
where, and for that reason experimental psychology has remained 
unproductive (Ryle, ibid.). It has, again, become known as the study 
which gives bad reasons for what is already known. Finally the very 
whether of experience or 
S against common sense, 
philosophical conclusion and moral decency alike. 
and it comes mainly from philo- 
it must hastily be added that not all 
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these things with a finality that has never been equalled. Well known 
though the argument is to psychologists, it is apparently still not 
familiar to many in other disciplines. 

The gist of the argument was that the ‘introspective psychology’ 
of the time was unproductive and by its nature could not be scientific. 
By introspection was meant the study of one’s own conscious experi- 
ences, ‘thoughts’, to use a popular term, as contrasted with activities. 
It is clear that everybody can observe the latter, while only the thinker 
can directly observe his own thoughts. (The conventional argument 
is here given.) The data obtained by introspection in this sense 
depend on the ‘say-so’ of the person being investigated (or, it turned 
out, on the ‘say-so’ of the particular psychological grandee under 
whom one was working). 

The question arose, for example, whether mental ‘Images’ were 
essential for the process of thought. It should be pointed out that 
there are many kinds of mental images, such as visualized pictures 
of past or distant events, imaginary sounds as of an orchestra, 
imaginary movements of the muscles, and so on, The great German 
psychologist Wundt, whom the writer had the privilege of hearing, 
claimed that images were necessary, and so did many of his pupils. 
The almost equally eminent Anglo-American Titchener and his 
pupils said they were. The brilliant Külpe, together with his pupils 
en bloc, said they were not; but that the process of thinking was 
entirely independent of any process of forming mental pictures of 
any kind. Who could decide between these eminent men? Each 
supported his conclusion by experiment. Another instance, this one 
given by Watson. Clearness was said to be an important attribute of 
attention. It would be said that when for instance I attend to the 
sound of the lawn-mower outside, the noise becomes clearer, while 
other things become less clear in attention. Some psychologists 
maintained that there were nine different degrees of clearness, others 
gave a different number. Still others denied that ‘clearness’ had any- 
thing to do with it. Who was to decide between them? The writer 
once heard the great Titchener himself (the author was a very young 
and admiring man) being rotated on a revolving chair, and de- 
Scribing his conscious experience. It made a long and detailed story, 
quite different from that of ‘another well-known psychologist who 
came round later. Both were eminent men. Who could judge between 
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them? Perhaps they were both right. Who knows? Nobody but 
Titchener could verify Titchener’s story. Such subjective facts, i.e. 
depending on the conscious experience of one person only, cannot 
form the basis of a science, said Watson. We must have data that can 
be observed and verified by any qualified person, as in every other 
science. In the case of psychology these data are not difficult to find. 
They are comprised not of ‘conscious experience’ but of ‘behaviour’, 
what the organism ‘does’, not what he ‘thinks’. Whether a man 
blinks his eyes, whether he jumps from his chair, moves the muscles 
of his face when he is learning to write, this can be observed and if 
necessary registered, e.g. photographically, for everybody to see. If 
there are ‘individual differences’, a phrase much in fashion just 
before that time, these are verifiable. Henceforward again, Watson 
claimed, psychology is to concern itself with Behaviour, what an 
organism does, what everybody properly trained can see and verify, 
neglecting altogether what goes on ‘in the mind’, as unverifiable, 
unrepeatable and not amenable to scientific treatment. 

It was a promising, valiant programme, and psychology has never 
been quite the same since. It did seem to give an answer for the 
many objections to ‘subjective’ experiment and to introspective 
psychology that were already growing up. This introduction will 
show later that what it did was really to redefine mind so as to make 


it susceptible to conventional experiment, and this will appear to be 
an important step forward, 
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the reflex itself is now recognized to be a ‘convenient abstraction’ 
only, a phrase which might very probably be found in the heated 
discussions concerning the sensation at the beginning of the century. 
Association, again, involved the nebulously subjective ‘ideas’. Its place 
was to be taken by the conditioned reflex. But this in its turn bred 
its own special difficulties, and so on. Further, the important Gestalt 
school, now more or less merged into the body of psychological 
doctrine, dealt at least on its polemical side almost entirely with sub- 
jective data, and attempts to transfer it to the behaviouristic side of 
the fence have never been completely successful. The behaviouristic 
dogma is now honoured as much in the breach as in the observance, 
and psychologists, particularly experimental ones, get their informa- 
tion when and where they can. Except for a little information from 
electrical recordings, mental images for example must be treated as 
‘subjective’ data. Except again for a few approaches by way of electro- 
physiology the study of sensory processes calls for introspective 
report and so on. Behaviourism has really resulted in a widening of 
the field, not in its complete translation; many of the old problems 
are still with us but we call them by different names. It is of course 
true that nobody now practises the elaborate introspection of the 
early twentieth century laboratories, and the science is certainly the 
better for it. But to defend experimental psychology by crying ‘we 
have changed all that’ would be to take refuge in a revolution that 
has never really taken place; there has been a change of government 
only — perhaps one might say a coalition with a minority. 

The widening scope of psychology. In fact instead of throwing out 
‘subjective’ events, as Watson tried to do, the modern worker has, 
rather, enlarged the scope of his investigations until this now includes 
the activities of the whole organism, acting as a whole. These activities 
lie on the side both of experience and of behaviour. When he sees 
those who follow other disciplines interesting themselves in things 
that seem to lie on his side of the fence, he does not worry. Who cares 
who does the work as long as it is well done? An eminent Oxford 
Philosopher recently asked what was happening at the Psychological 
laboratory. When told, he exclaimed in a shocked voice: ‘But that is 
Surely physiology!” It concerned the perception of colour during short 
temporal exposures. Was it physiology or psychology? The work 
might equally have been done in either laboratory. But it is of course 
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the humanist, if anybody, who has been insisting that the — 
ought to confine his interest to ‘subjective’ events, such as ey 
and would be disinclined to let the physiologist trespass on t o a 

Back to Aristotle. It is important here not to allow onese ehe 
seduced by easy etymology. If anybody still insists that an eg 
must concern itself only with the psyche, meaning the Si A 
mind, the modern psychologist may properly refer him to = N = 
who said: ‘If the eye were an animal, vision would be its psyc EN 
is the total functioning of an ‘organic body’ (Aristotle) that 2 
experimentalist is now content to examine. He includes under : . 
rubric events both of behaviour and of experience; and he pre: ya 
human beings as the subject of his study, when he can get what > 
wants from them. Sometimes he cannot, when he has to use animals. 
When he does use human beings, experience has taught him how en 
avoid the faulty experimental situations concerning which so SEN 
has been made, and he tries to work round to what he wants throug 
the observation of behaviour or otherwise. Recognizing, for example, 
that an event in experience cannot be measured in the same way asa 
sheet of paper, Fechner with Weber found that a variable factor in the 
corresponding situation is related to the experience in a definite T 
Then by ‘reading off? the measurement of the physical factor, oes 
he can get, he obtained what serves as a measure for the es, 
ing experience. The same thing is done when a man reads the heig 
of the liquid in a thermometer. The height of the mercury is not 
the temperature of the room, but is related to it in a definite, rela- 
tively simple way and may therefore be used as a measure of It. 
Fechner’s ‘measurement’ of Sensation, so bitterly attacked by philo- 
sophers and psychologists alike, is no more and no less legitimate 
than that of any scientist taking any pointer reading. 

It is desirable here to draw together the threads of the argument 
even though running the risk of too much summarizing. Defining 
mind in terms of conscious experience, it is claimed that the idea of 
(mental) observation of mental data is impossible, if only for the 
reason that to observe a mental event changes it. All such events, 
being ‘private’, are incommunicable, unverifiable, and not amenable 
to prediction, ‘Mind’ is į 
Points may be Brouped unde 
Watson recognized their co 
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of Mind (as the subject matter of psychology) by throwing out all 
‘subjective’ factors. His attempted revolution has proved to be too 
drastic, and psychologists have reverted to something close to the 
Aristotelian concept, now studying the total functioning of the whole 
organism, as contrasted with the science of physiology, which tends 
to interest itself in part-functions. 

To return now to the fundamental question: Why experiment in 
psychology? The answer is now clear: because in no other way can 
psychological progress be made. Here as elsewhere it is not possible 
to rest on the dictum that what is clear and distinct is necessarily 
true. To the early psychologists, for example, it seemed obvious that 
the intelligent person was quicker in the uptake, more accurate, had 
a better memory, could discriminate better, and so on. Corresponding 
‘mental tests’ were therefore given to school children and even to 
undergraduates. Unfortunately and surprisingly they were found to 
bear little relation to intelligence. Interest waned, as often, till the 
arrival of a genius, Binet, who changed the whole method of attack. 
In essence his method consisted of finding out what the average 
child, at successive ages, can do-that is, the whole, functioning 
child (Aristotle would have been delighted) -and in this way he 
built a measuring instrument. If a child can do ‘eleven-year-old 
things’ (e.g. in a very early list, detect the nonsense in absurd state- 
ments, find three rhymes to a word, etc.) then mentally he is thereby 
functioning at an eleven-year level. His ‘mental age’ is eleven, at 
least. To make such age-levels ceaseless experiment was necessary, 
and many a priori assumptions had to be thrown overboard. ‘It will 
be necessary to experiment for a long time,’ said Binet, the master 
(he was speaking of the special characteristics of the mental defective; 
his work on tests was done 1905-11). 

Like everything else then, psychology has its ‘clear and distinct’ 
truths, which must be tested by experiment in order to discover a 
firm basis on which to build a sciénce. Here, as elsewhere, no other 
method can give such firm results or such real understanding to a 
student and psychologists are fortunate in that methods have actually 
been found by which they have been enabled to experiment in their 
subject.* 


* It must be remembered, as Professor Mace points out, that psycho- 
logy owes an enormous debt to people like Galton and Lorenz, neither 


15 


PSYCHOLOGY THROUGH EXPERIMENT 


Practical results. It is easy to see that experimental psychology 
must be a subject of extreme difficulty, as every subject is at first. 
But working within this flexible framework, and on a strictly experi- 
mental basis, great and intensely practical things have been achieved. 
In one hour a competent sergeant major with a few corporals can 
now do what would have taken the great captains of the past months 
of bloody experience. He can roughly sort a thousand recruits into 
those who can and those who cannot learn what is necessary for an 
officer to know; mistakes are, of course, made - who has not made 
them? A textile mill can be shown how to cut a week off the training 
of its operatives. Millions of hours of children’s time have been saved 
as they learned to read. Thousands of old men and old women are 
in the process of being shown what work they can do, and do it as 
well as or better than their children. Thousands of aeroplane pilots 
have had their training time reduced, their instrument display im- 
proved, their ability to read the numerical and other scales of their 
instrument-panel enormously bettered, and the whole of the complex 
system of controls and other material conditions of flying fitted to the 
man-at-work. Under the old system the man was expected to adapt 
himself to the machine. A psychologist can now say when a loco- 
motive driver is liable to over-run his signal, and that under con- 
ditions of extreme fatigue he may just not be conscious of a light that 
is ‘staring him in the face’; psychologists have in fact done this. To 
judge a tree from its fruits is today both unfruitful and unscientific; 
but these and many similar things, all experimentally achieved, 
are not the product of an endeavour that is self-negating (the mind 
cannot observe itself!), incompatible with precise measurement, 
incapable of prediction, platitudinous, trifling, incapable of verifica- 
tion, essentially self-interfering, and in general the product of second- 
rate minds. Detailed refutation of all these charges is here surely 
unnecessary. 

Freud. Mention should Specifically be made of the man who ‘has 
made the greatest contribution to psychology since Aristotle’ 
(McDougall). Many people equate modern psychology with psycho- 


ee 


tole methods could be called strictly experimental. It may be 
has ered whether Psychology - which hike other experimental sciences 
grown out of natural history — requires more ‘naturalists’. 
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analysis, and warning should be made against this. Strictly speaking 
and from the purist’s point of view it might be said that Freud was 
not a psychologist at all. That is to say, he was not one whose chief 
interest lies in the understanding of the subject and is reasonably 
conversant with the knowledge and the techniques that have been 
developed by others so interested. He was a psychiatrist, that is, one 
whose main interest is in healing. But he was a uniquely gifted 
psychiatrist, one who finding that contemporary experiment was not 
adequate for his purpose had the genius to make a system of his own 
for normal psychology. He did not believe in psychological experi- 
ment as it then was — nor do we of today — and his own system was 
therefore non-experimental. But it did enable him to understand 
both normal people and his patients. It contained what now seem to 
experimentalists to be absurdities; of course, for it had not itself 
been subject to experimental test. It succeeded in shocking public 
opinion, thus putting its maker into the same category with many 
other geniuses. For one reason or other many experimentalists find 
Freud’s writings exasperating, but everybody must admire the 
strength, the lucidity and the ingenuity of the mind behind them. 

Freud and Fechner have both contributed greatly to psychology 
from without the subject. Would that the future may bring many 
more such! 

Wittgenstein. Before ending this introduction mention is due of 
Wittgenstein, the great philosopher who has probably had more 
influence on philosophic thinking than any other for a generation. 
What he says, at the end of an important book (1958), probably 
crystallizes the thoughts of many philosophers and other humanists. 
‘The confusion and barrenness of psychology is not to be explained 
by calling it a “young science”; its state is not comparable with that 
of physics, for instance, in its beginnings. . . . The existence of the 
experimental method makes us think we have the means of solving 
the problems which trouble us; though problem and method pass 
one another by.’ This passage, which comes at the end of the impor- 
tant Philosophical Investigations (1958, p. 232 e), may fairly be taken 
as the gist of this philosopher’s view on psychology. It must first be 
noted that the reference is here and throughout to a ‘subjective’ 
Psychology, now, we have sten, discarded in favour of one closely 
Proposed by a still greater philosopher. (This must be said in spite 

17 


PSYCHOLOGY THROUGH EXPERIMENT 


of the statement made and discarded in the same book that = 
logy treats of Behaviour, not of the Mind’, p. 179.) The co m on 
and barrenness of a purely introspective psychology have in ne 
selves long ago been exposed — by psychologists themselves and lo; = 
before this Introduction was written. Concerning the reference : 
physics, it is only possible to say that nothing can be imagined — 
barren than early physics with its four elements, earth, air, fire own 
water, or more confused than early eighteenth century physics > wi i 
its mythical heat-substance phlogiston, and that it was experimen! 
which ultimately substituted more workable categories in each case. 
As for the reproach that the experimental method does not apply to 
psychological data, this charge has in fact already been refuted ear 
it was shown that psychologists have shifted their point of — 
in such a way that experiment is possible, real, productive and indee 
necessary for psychological progress. One must come to one of ee 
conclusions. Either Wittgenstein has read neither the accounts © 
experiments actually done nor their practical results, reference to 
some of which has been made; or by some verbal legerdemain he 
explained them away to himself as not being ‘psychological’. 

The influence of Wittgenstein on philosophy is great; the passage 
in question, and others which could be quoted, do however show 
once again that opposition to experimental psychology is still very 
much alive in serious and influential quarters, The whole procedure 
of much of the opposition is in fact lamentably easy; first state what 
in your opinion people in another disci 
assume they are doing it; then, show that this work is nugatory - 
irrespective of what they actually are doing. On this charge Wittgen- 
Stein cannot be acquitted. 


This justification of experimental 


this regrettably brief answer to an important philosopher, may fit- 


tingly finish with a quotation from one who was himself an eminent 
humanist. It is perha 


i p t 
ps somewhat distorted from its context, ÞU 
it is still not amiss: 


He that secks aft 
found. (Montaigne 


pline ought to be doing, oF 


psychology to humanists, and 


er knowledge, let him fish for it where it may be 
» Essay on Books.) 


July 1958 
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Although it is intended to be used with a class doing experimental 
work in psychology, neither contributors nor editor would wish this 
book to be regarded as a ‘textbook’ in the ordinary sense of the word. 
Itis intended rather to show students, in practice, the kind of reason- 
ing and procedure by which Psychology has made such startling 


progress in the last generation or so. The book may be used with 
classes at all levels, including those, 


for instance, whose main interest 
is in psychology, 


as well as others who do not wish to specialize in 
the subject but would like some knowledge of it for professional or 
other reasons. Examples of experiments suitable for non-specialists 
are Reaction Time and a simple form of the conditioned reflex. 
There is no special reason why those who do a little psychology should 
do a different psychology, though they may well take longer to under- 
stand and perform a given experiment. , 
As regards intending specialists it was thought that by making his 
own personal selection and adding experiments of his own, the 
instructor would find at least a year’s experimental work reasonably 
covered. In response to the wishes of contributors chapters are 
supplied with fairly full references. Interested pupils like them. 


The instructor’s interpretation of any experiment will of course 
not always agree with the contributor’s, and this has real teaching 
value. 


Now is perha 
written to illus 


Jerimentalists, were asked to write 
responsibility for the choice of con- 
or and one or two of the contributors- 


chapters on the 
tributors restin, 
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lecture (Sir, Dr Jones spent an hour on that in the practical class 
last week!). In spite of such good intentions, however, it was found 
that certain experiments could not be arranged for simple enough 
apparatus, thus keeping, as well, within the financial resources of the 
average laboratory; though the editor was surprised at the ingenuity 
shown by contributors here and at other points. 

The book keeps strictly to fundamentals and, it is hoped, will be 
followed by volumes dealing with more specialized subjects. The 
first of these, Social Psychology Through Experiment (ed. Humphrey 
and Argyle), has recently appeared with Messrs Methuen. Even with 
this restriction it was obviously impossible to cover the whole field, 
so that the book contains in effect sample experiments on sample 
topics. Thus, once more, room is left for individual instructors to 
air their favourite experiments or demonstrations. With a little in- 
genuity certain experiments may be done at home during the vaca- 
tion, if one dare mention such a possibility! Some could not be made 
quantitative and these with certain others must therefore be con- 
Sidered as demonstrations only. All have been successfully used in 
class by psychologists who know their business, success of an experi- 
Ment in practice being one of the criteria for inclusion. Here an 
indulgence must be asked for Dr Dixon, who stepped at the last 
moment into the breach with the chapter on ‘Perception’. On behalf 
of everybody concerned with the book the editor would like to tend 
him special thanks for the remarkable speed with which he wrote his 
chapter. If as he wished he had taken time to try his last two experi- 
ments with a class, publication already long overdue would have been 
intolerably protracted. The reader will find, however, that the quality 
of these experiments well qualifies them to form a single exception 
to the rule. Some may find the chapter ‘difficult’. It should be. Per- 
ception 7s difficult! Psychology is difficult! Here and in all other 
places criticism will be welcomed. _ 

Besides the criterion that experiments must work (everybody at 
least of the writer’s generation must remember class demonstrations 
or experiments in physics or chemistry that did not!) contributors 
Were asked to provide exercises that would train, in the sense of 
teaching people to think psychologically and about psychology. They 
should also be taught to read the psychological literature, some of 
which is found difficult by even the best of beginners, They should 
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ht, with the instructor’s help, to write up their own research. 
i; mito ted principles should thus be experimentally derived by 
s 
op Se i and the inherent problems er = a 
hoped also that pupils may be encouraged to start ie = oe te 
of their own. All this adds up to a rather formidable ai nn 
should do so. For the way to this most difficult of all stu 
i means, in fact, and this must be said very ath me = 
instructional experiment should, ideally, be simple in procedu Er 
profound in application, technically easy as far as Lo paste 
other conditions go, quantitative, rather sternly described, ns = 
illustrative, instructive, undogmatic. At which every contri u = 
this book as well as every other psychologist will rise at onc fet 
join the writer in crying out that it cannot all be done poe y 
it is attempted, at least, in many first year classes, e.g. in HEINE ri 
physiology and biology, not to speak of physics and Rn a 
which, however, there has probably been previous en at 
editor feels that this volume is the better for the rather grim 1 i a 
It has already been indicated that contributors are people w! m 
business it is to conduct practical classes; they have been chosen 2 
their reputation both as psychologists and as teachers and have ne 
tributed according to their special fields. They form a not unwort 
selection ofthe exciting new generation of psychologists now Ben 
up in this and other countries. The policy has been to interfere er 
little as possible with what they have written, in order to preser i 
the freshness of individual style both of thought and of manner. nr 
such minor.details have been left as the different abbreviations Be f 
found in the literature the psychologist must learn to read. At risk a 
repetition it must again be emphasized that the book is intended = 
give a framework for the instructor to fill in, not a complete ar 
of an experimental course. If it differs from the many experiment 
manuals now on the market this may lie in part in the fact that it 1 
Written by a group of research people primar 
minded people. The editor has never foun: 
shirked by students of any grade. 
Contributors are thanked 
had to exercise, 
both contributo 


ily to help train research- 
d that honest thought 1 


1 
for the extreme patience they have z 
in all too many ways, He would also, on behalf i 
rs and himself, thank Mr Peter Wait, of Mess! 
22 


INTRODUCTION FOR PSYCHOLOGISTS 


Methuen and Company, who must for a long time have felt weary 
of the whole project. 

G.H. 
July 1958-February 1962 


Since there are items which experimental conditions demand should 
be unavailable to subjects before the experiment is done, instructors 
only may buy from the publishers at a cost of 2s. 6d. an envelope con- 
taining the necessary material. Without it and without this restriction 
the experiments of Chapters 3 and 6 are meaningless. Instructors 
using the book are asked to treat as a matter of professional courtesy 
the necessity of keeping this material permanently from the class. 
The nature of the subjects makes inevitable a difference of difficulty 
in the chapters - also, if one may say so without impertinence, the 
nature of the contributors! 

It is important to notice that since for personal reasons the writer 

of Chapter 8 on Statistics was unable to complete his assignment any 
references to this subject should be understood as referring to: 
HOEL, P. G., Elementary Statistics (1960). New York and London: 
John Wiley. 
The editor is grateful to Professor R. C. Oldfield and Dr Michael 
Treisman for this suggestion. Both are of Oxford University. The 
book in question may be considered as an elementary statistical com- 
panion to the present volume. 

The explosive growth of psychology has long overtaken publica- 
tion-lag: certain recent developments could not be adequately 
treated, j 
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Chapter 1 
SENSORY PROCESSES 


R. L. GREGORY 


University of Cambridge 


We may think of perception as the end result, the output, of physio- 
logical systems adapted to handle information originating from the 
environment. When we see a table, hear the sound of a chair dragged 
across the floor, feel the cold hardness of the wood or the softness of 
the cushion, highly complex mechanisms are involved. It might be 
said that as we come to understand these mechanisms we explain 
perception. There may be other kinds of explanation of perceptual 
phenomena, but certainly one important approach is to discover the 
Sensory processes involved. This is no simple task. 

To study sensory processes in man we make use of intact people 
who respond in some agreed manner to various stimuli, or signals 
provided by the experimenter. The data from an experiment will 
consist of the physical values of stimuli, such as the brightness, 
colour and area of spots of light, and the recorded responses of the 
Subject. The subject is not expected to report on his own sensory 
Processes, and yet his reports are used to discover what sensory 
Processes are involved. How is this possible? The answer is that the 
experimenter has in mind Some. sort of theoretical model, or set of 
models, of what might be going on. Many psychological experiments 
on sensory processes are attempts to provide evidence for or against 
Predictions which are made from hypothetical models of the system- 
Some experiments are, however, purely exploratory. Curiosity OF 


Practical need may Suggest some situations as worthy of investigation- 
Appropriate models may 


Ments, or devices for handling 
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ditions (Adrian 1928, 1932) a new world was opened up. Although 
immensely important, it should be realized that only a minute part 
of the total activity can be detected and recorded at any one time. 
The physiologist does not escape the necessity of thinking in terms 
of models just because his data are taken from inside the system. 
He must decide whether a given effect is important or a mere artifact; 
and if it is important just what its significance is. This can only be 
done in terms of some conceptual model of the system. 

Verbal reports have some advantages over the various physio- 
logical records we can obtain from animal preparations or from 
human subjects. In particular, when an investigator tries something 
out on himself he has a unique opportunity to note unexpected 
effects. 

The theory of information, due to Shannon (1949), has opened up 
the possibility of obtaining quantitative measure where only a few 
years ago this was impossible. It has been clear for a very long time 
that the nervous system conveys information from the sense organs 
to the brain, via afferent fibres, and that the brain may command 
the muscles, via efferent nerves. These nerve fibres clearly carry 
messages, Adrian (1928) discovered the key to the physical form of 
the messages when he discovered that all nerves transmit trains of 
electrical impulses, the rate of these impulses increasing with stimu- 
lus intensity. Information theory enables us to say just how much 
information such systems could represent, or transmit, in a given 
time. 

Science has so far primarily concerned itself with energy systems, 
but the problems of the control of energy - involving information — 
are now receiving detailed attention. The distinction between energy 
and information can be puzzling, for any information system requires 
energy in order to function. Energy is required to produce speech 
Sounds, radio signals or nervous messages. Such systems cannot, 
however, be understood simply in terms of energy. The eye must 
have sufficient light energy to function, but the organization of this 
energy into temporal and spatial patterns is also vital, and requires 
information concepts for its understanding. It is the particular form 
of the activity of groups of nerve cells under various conditions of 
stimulation which is important. The organism must‘function as an 
efficient energy system to allow the processes to take place which 
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give us thought and perception, but an important part of our under- 
standing of these processes is not in terms of energy but rather in 
terms of the flow and handling of information. 


THE STRUCTURE OF THE EYE 


The eye is often compared with a camera. Like a camera it has a 
(nearly) light-tight box, the sclerotic-coat with its black choroid 
lining. The light enters the circular pupil through the transparent 
cornea which forms a bulge of about 8 mm radius, the radius of the 
eye-ball being about 12 mm. The size of the pupil is controlled by 
the iris, as in a camera lens. The lens of the eye lies behind the cornea, 
the space between them being filled with a lymph-like fluid which 1s 
renewed about once every four hours. ‘Spots before the eyes’ may 
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be caused by particles floating in this aqueous humour. The lens of 
the human eye is quite unlike a camera lens for it is flexible, and 
kept under tension. Its radius of curvature, and thus its focal length, 
is modified during accommodation changes, by the ciliary body. 

The image is formed primarily by the air/cornea surface, for it is 
here that the light is bent most, since the difference between the 
refractive index of air and that of the aqueous humour is greater than 
between the aqueous or vitreous humour and the lens. A man who 
has had a diseased lens removed can see tolerably well. The fish does 
not have the advantage of a low refractive index in its external 
medium. Its lens is denser than that of man, and nearly spherical in 
shape. It is not flexible and moves bodily in the eye to achieve 
accommodation. 

Examining the Purkinje images during accommodation changes. It is 
just possible to do this with no apparatus beyond a lighted candle; 
but a cocoa tin with an arrow pierced in its side, and containing a 
frosted electric bulb, is more suitable. If this is placed in a dark 
room and so arranged that the illuminated arrow may be seen re- 
flected in the subject’s eye, three images of the arrow can be seen, 
the images being produced by reflection from the convex surface of 
the cornea and by the front and back faces of the lens. By requesting 
the subject to accommodate to objects at various distances, the rela- 
tive changes in size of the images may be noted. This is best done 
by viewing them through a small telescope clamped in a retort stand, 
but this is not essential. The following images should be noted: 

The Purkinje images. With the eye accommodated to infinity 
(‘emmetropic’) the following images should be visible: . 

Ist Image -right way up, bright - from the convex surface of 
cornea. a 

2nd Image - right way up, large and dim - from convex surface 
of lens. j 

3rd Image - inverted, small and bright — from the posterior surface 
of lens. 

If the subject now accommodates to a near object only the 3rd 
image (from the posterior surface of the lens) changes in size to any 
marked extent. It becomes smaller, approximating to the first image 
in size but inverted. This shows that in accommodation the radius 
of curvature of the posterior surface of the lens is reduced. 
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Fic. 1-2. Schematic diagram showing the neural microstructure of the 
retina of the monkey, based on Golgi impregnations. The layers are: 
(1) Pigment epithelium 
(2a) Outer segment of rods and cones 
(26) Inner segment of rods and cones 
(3) Outer limiting membrane 
(4) Outer nuclear layer 
(5) Outer plexiform layer (cone-pedicles and rod spherules) 
(6) Inner nuclear layer 
(7) Inner plexiform layers 
(8) Ganglion cells (origin of Primary visual Projections) 
(9) Layer of optic nerve fibres 
(10) Inner limiting membrane 
©, horizontal cells; d, e, f, 


> & bipolar cells; i, 1, amacrine cells; 
m, n, 0, P, r, s, Ganglion cells. 


(From S. Polyak, The Retina, Chicago, 1941) 
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The mechanism of accommodation was discovered by Helmholtz,* 
and is described clearly in Fulton (1955) pp. 430-3. 

The retina. The light-sensitive layer, the retina, at the back of the 
eye has been described as ‘an outgrowth of the brain’. It is a com- 
plicated arrangement of receptor cells (the ‘rods’ and the ‘cones’) 
and various other kinds of cells, some of which provide cross con- 
nections between the receptors. Both excitatory or inhibitory inter- 
actions may occur across the receptors, due to cross connection. The 
structure is described by Polyak (1941); evidence of interaction is 
derived from recording activity at the ganglion cells, Kuffler (1953), 
Barlow (1953), Hartline (1940, etc.). 

The receptors. These are of at least two kinds: the rods and the 
cones. They are so named from their appearance, but Willmer (1946) 
has pointed out that in the central foveal region the cells are very 
tightly packed, and the ‘cones’ in the fovea look similar to the rods 
of the peripheral regions. Although the foveal receptor cells look like 
rods they are believed to be, functionally, cones. 

The rod cells are highly sensitive, and provide ‘scotopic’ vision 
in dim light. They do not provide colour vision. The cones give 
‘photopic’ colour vision, but require more light than do the rods. 
The spectral sensitivity curves of the rods and cones are different, 
as may be seen in Fig. 1-3. The change in the wavelength for peak 
sensitivity changes over a rather critical range of intensity. The 
change in wavelength of the peak sensitivity is known as the Purkinje 
shift. 

Osterberg (1935) counted the rods and cones across the retina and 
found that the ratio of rods to cones increases from the centre to 
the periphery. In the fovea there are, probably, only cones and in 
the extreme periphery virtually only rods. There are, in a single 
retina, about 125,000,000 rods and 6,500,000 cones. There is a 
marked convergence of the receptors onto fibres, particularly for 

* Hermann Ludwig Ferdinand” von Helmholtz (1821-94). As a 
physicist, contributed to the theory of the conservation of energy, as 
a physiologist to the so-called law of specific energies and to the deter- 
mination of the rate of conduction of nerve activity. As a psychologist, 
to the study of vision and hearing, where his work is outstanding. The 
Handbuch der physiologischen Optik (first volume 1856, last 1866, tr: 
1924) and the Tonempfindungen (1863, also translated: N.Y. Longmans, 
Green) are classics, and remain important works of reference. 
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FIG. 1-3. Relative luminosity curves for human rod and cone vision. (After 
data by Gib 


son and Tyndall and scotopic data by Hecht and Williams.) 
the rods. The foveal con 
their fibres, 


The sensitive receptor cells lie at the back of the retina, behind 
layers of nerve fibres, blood vessels and various supporting cells. The 
light has to pass through all these obstructions before it reaches the 
receptors, though the obstructions are minimal in the central foveal 


region. We do not normally see these obstructions, and at first sight 
this is surprising. 


es seem to have one-one connection with 
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moscope is ideal for this, as it gives a small source of adjustable 
brightness. 

The experiment is best done entirely on one’s self, or the eye may 
be hurt. First remain in a dark room for at least five minutes, then 
place the lighted bulb in close contact with the shut lid of the eye, 
near the temporal margin of the orbit. If now the bulb is moved with 
regular oscillation, a startling tree-like pattern will emerge and re- 
main visible while the light is in motion. The pattern will die away 
rapidly when the movement is stopped — evidently because selective 
adaptation again occurs- but during the movement the shadow 
pattern will be displaced across the retina so that new receptors 
are affected. This never occurs in nature. 

It is worth thinking out just why, normally, light always reaches 
the retina from the same direction, and noting also that this is why 
the pupil appears black. It is impossible to see into someone’s eye 
because light would have to come precisely from the direction of the 
observer’s eye to illuminate the part of the retina observed. The 
secret of the ophthalmoscope is that it sends in a beam of light on the 
path along which the observer looks. 

The blind spot, where the optic nerve leaves the eye, is readily 
demonstrated. It may be ‘seen’ by fixating the left-hand dot with the 
right eye only (or the right-hand dot with the left eye), holding the 
page vertically, 


at a distance of about 9 inches. The peripheral dot will disappear as 
it falls on the blind region. è 

If a homogeneous field, such as a sheet of white paper, is fixated 
we do not see a black patch. The visual system tends to extrapolate 
whatever is seen across the blind spot. This is a remarkable thing; 
and it warns us how ‘high level’ perceptual processes may complicate 
the simplest observation, and may confuse theoretical issues. 


EYE MOVEMENTS 


Eye movements were studied in detail by Dodge, early in this century. 

He found, using photographic techniques, two main types of eye 

movements, and these occurred under different conditions. When 
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the eye is swept across the field it moves in a series of small ee 
called saccades. These occur about four times per second. Bar rn 
(1952) says: “There is general agreement that the most usual type o 

movement is a rapid jerk, followed by a period of -1--3 second during 
which the eye is relatively stationary, and terminated by another 
quick movement bringing the eye to a new fixation position. When 
the eye is following a moving object it moves smoothly, once it a 
(found) the object and is able to follow it? These two types 0 

movement seem to be quite distinct, and actuated by physically 
separate brain systems. Holmes (1938) finds that some patients with 
certain lesions literally cannot take their eyes off whatever is fixated, 
sometimes whether the object fixated is stationary or moving, without 


recourse to deliberate blinking, or some other such trick to break the 
visual contact, 


We may demonstrate 
movements and smooth 
Demonstration of 
used as indicators 


quite convincingly the saccadic voluntary 
following movements with only simple apparatus. 
eye movements. A small neon lamp, of the type 
in electronic equipment, is placed in an other- 
d viewed from any convenient distance, of the 

i ged to flicker at a rate of 20-30 
flashes/second, (Thi 


oscillator, by increasing the Output voltage with a suitable step-up 
transformer.) 


area and the level of adaptation of 
T of 30 flashes/second.) 
across the retina the flicker is seen 
‘ashes, and the limited recovery time of the 
t limit the ability of the system to distinguish 
© sets of receptors are brought into play 
i If the eye is swept slowly across the field, flicker is not seen. The 
Jerky movemenits of the eyes prevent the smooth sweep of the image 
which is Necessary to see 


the flicker, If, now, the eye follows the 
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movement of a small self-luminous object the regular flicker 7s 
seen, provided the eye is accurately tracking the object. This situation 
enables us to verify a new and rather surprising finding about what 
may be called the ‘smooth eye movement’ system, 

Eye movements and proprioception. If the observer’s hand is held 
before the eyes and tracked, although the hand is completely invisible 
in the dark, the neon being feeble, the flicker may be seen, indicating 
that smooth eye movements can be mediated by proprioceptor in- 
formation. Evidently the tracking need not be visual for smooth eye 
movements to take place (Gregory, 1958). 

It seems that the eyes move in saccadic jerks, except when follow- 
ing moving objects, in order to prevent images effectively fading as 
selective adaptation occurs. 


THE PERCEPTION OF DEPTH 


The images on the retina are on a curved surface, but it is not mis- 
leading to call them ‘two-dimensional’. The visual world, on the other 
hand, is three-dimensional — we see things in depth. The processes 
giving depth perception are complicated, many being ‘perceptual’ 
in that we discuss them in terms of properties of the stimulus field 
rather than of the visual system. Such factors as apparent size, texture 
gradients and perspective will not be discussed in this chapter - we 
shall consider only some of the specific sensory processes involved 
in depth perception. 

Demonstration that the use of both eyes is important for depth per- 
ception. This may be shown in many ways. Hering’s Fall is a standard 
method; here small beads are dropped at various distances from a 
vertical wire placed about 1 foot from the subject. He reports whether 
the beads pass in front of or behind the wire. Another method is to 
place two (or sometimes three) vertical rods some distance from the 
subject and so screened that the top and bottom of the rods are 
hidden: they are thus seen in a horizontal slit perhaps a few inches in 
width. One of these rods is placed at various distances while judge- 
ments of ‘in front’ or ‘behind’ the comparison rods are made. The 
difference between one and two eyes is very great. This experiment 
might be done for various distances from the display, to show that 
the advantage of binocular vision falls off with distance. 
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It is worth obtaining not only estimates of the limits of discrimin- 
ation of distance, but also some observations of perceptual changes 
experienced when occluding one eye. The following is very striking. 
Place an unmarked white china tea cup say 10 feet from the observer, 
so that he looks almost directly into it. The illumination should be 
even, and originating from behind the observer from a single source. 
There must be no shadows cast into the cup. If this is viewed with 
two eyes nothing odd will occur, but when viewed with one eye it 
will be seen to be a reversible visual situation, like the well known 
Necker cube, only here we are looking at a real object. It is an odd 
effect, difficult to describe but simple to set up and examine. 

When a near object is viewed binocularly three factors should be 
considered. (1) The eyes will converge upon the object and, like a 
range finder (the ‘base? between the eyes being about 2} inches), 
the angle of convergence might provide information as to the distance 
of the object. (2) The retinal images will be disparate, that is, they 
will differ according to the two directions from which the object is 

i € two views are evidently fused centrally to make one 
Picture having depth. (3) Relative displacement of images on the 
retinas, 


These factors may be isolated quite simply, and so investigated 
and assessed individually, 


Convergence. (1) May be artificially increased or decreased with 
four Mirrors” arranged as shown in Fig. 1-4 (a) and (b), or reversed, 
so that the right eye is effectively in the 1 


Posen, eft socket and vice versa as 
in Fig, 1-4 (c). 
light entering the e 


_ 2) The t P e eye may be bent. This may be done by 
interposing prisms having small angles (5-10 degrees) between the 
silvered looking- 


unted for ready a, 


x š 
E Ordinary back- glass mirrors may be used. The 


djustment on photographic tripod 
WERE a heads. They may be attached to these by brass plates 


, „a tapped hole, and which are stuck 

bal Aides di mirrors with ‘Bostik rubber glue. The plates are 
Eve for the glue, but need not be abs 

; mirrors can be positioned by simply 

cote tripod he: trect friction with the 
having many applications. 
a wooden or ‘handy angle 
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object and the eye. This changes the effective distance of objects 
while retaining the same retinal disparity. Thus while disparity is 
held constant convergence and shift are modified. 

Disparity can effectively be removed simply by viewing an object 
which gives the same image from any view point. Evenly lit spheres, 
or vertically oriented cylinders, may be used. 


Fic. 1-4. (a) The telestereoscope. This increases the disparity. 
(b) The iconoscope. This reduces the disparity. 
(c) The mirror pseudoscope. This reverses the two eyes. 


Shift may be demonstrated by holding the two forefingers before 
the eyes one in front of the other about 2 feet apart. When fixating 
the nearer finger the more distant finger will be seen double and vice 
versa. a 

The factors may be investigated in a stereoscope using suitable 
photographs or drawings. This has the advantage that any two figures 
may be presented to the eyes, which is particularly useful for con- 
sidering the phenomena of fusion and rivalry of the retinal images. 


DISCRIMINATION 


A. Intensity discrimination. A distinction is often made between the 
absolute and the differential sensitivity of the eye. This is certainly 
convenient experimentally, for the stimulus conditions are different 
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for the two cases, but it is not so clear how these conditions differ 
from ‘the point of view’ of the brain. 

For determining an absolute threshold, the eye is stimulated with 
a spot of light viewed against complete darkness. The ‘stimulus’ or 
‘signal’ may be of any size, colour, shape or duration, and in any 
position with respect to the eye. 

For determining a differential intensity threshold, a background 
field is added, the subject being required to discriminate the signal 
field from the background. The absolute case always has an implicit 
background, however, for the light from the test field will scatter in 
the eye, stimulating Surrounding receptors. Further, the retina is not 
entirely ‘silent’ even in complete darkness, as has been shown with 
electrophysiological recording by Kuffler, Fitzhugh and Barlow 
(1957) for the cat, and no doubt this is true 
although we have no su 
activity, ‘noise’, is Present in all sensitive communication systems, 
and tends to set a limit to Sensitivity. This is probably true also for 


the senses, as was originally suggested by a television engineer, Rose 
(Gregory and Cane 1955; 


I. Webers Law for inten: 


AI 
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for detection. Weber’s Law may be extended to cover very small 
values of I by adding a small constant to the denominator, thus: 
AE 

IFk 


The value of this hidden constant, k, can be determined graphically 


c 
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FIG. 1-5. (a) Shows experimenta? points for AI/I against I for low intensities 
where Weber’s Law breaks down. 
(b) Shows the same data as in (a), but plotted as AI against I. 
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by plotting AI against I and extrapolating back past the origin along 
the I-axis. The constant might originate from the ‘dark light of the 
retina’ or the random ‘noise’ background of the neural system. 

The absolute threshold may be thought of as AI/k. This added 
effective light, ‘noise’, would become insignificant for all but low 
values of I, which would explain the breakdown of Weber’s Law. 
Indeed, we may be rather more confident as to why the Law breaks 
down at low intensities than why it holds in the first place. We may 
say that constant proportional sensitivity is a useful characteristic of 
most measuring instruments, and so argue that Weber’s Law is 
useful for the senses. A rather different suggestion has been made by 
Barlow (Barlow 1957) in discussing the idea of sensory discrimina- 
tion as limited by the random noise level of the system. Barlow 
regards Weber’s Law as a puzzling special case holding only for 
large areas. 

He considers the case of small areas, and finds that a square root 
relation holds. Now this square root relation is attractive, because it 
would be expected if the eye were like a photocell discriminating 
‘signal’ from random ‘noise’ in the cell. The whole question of the 
Duration (in sec) 

0.01 0-1 


0:0001 0-001 


Rpsuaruy 


| 
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-= 0.001 


n between intensity and duration shown > 
5 optic nerve fibre of the horseshoe crab Limulus 
paa a The recorded activity in mammalian optic nerves is much 
complicated because of the intervening retinal cells which are not 
Present in the Limulus eye. 
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status of Weber’s Law, and the conditions under which it holds, is 
still open to debate, although it has been studied continuously since 
the birth of experimental psychology. 

2. The effect of flash duration. For either the absolute or differential 
threshold this is given by the Bunsen-Roscoe Law, which is: 


I x z= constant (where I is the intensity and ¢ the duration) 


for durations less than about -o2 second. 
3. The effect of test field size. For either absolute or differential 


this is given by Piper’s Law which is: 
I x WA = constant (where A is the area of the field) 


providing A is not greater than about 15-20 degrees or less than about 
6 minutes of arc. For very small fields Ricco’s Law holds. This is: 


I x A= constant 


4. The effect of position on the retina. For the absolute threshold 
with dark adapted eye, the greatest sensitivity is 15-20 degrees from 
central vision. This is where the density of rods is greatest. Measures 
of absolute sensitivity are made in this region, and it is an old trick 
of astronomers and mariners, looking at faint objects, to use this 
region by ‘looking off’ the position of interest. 

B. Spatial discrimination — acuity. The problem of what sets the 
minimum size limit below which we cannot see a gap in a line, a dot 
in a clear field, or the texture of a surface, is more complicated than 
the factors limiting intensity discrimination. Acuity is, however, 
Probably limited for the normal young eye by intensity discrimina- 
tion. y 

When we speak of the size of an object in this context we speak 
loosely: we mean the angle subtended at the eye by the test object. 
Acuity is expressed as the subtended angle, in minutes or seconds 
of arc (where 1 minute of arc = 1/60 degree, and I second of 
arc = 1/60 minute, or 1/3600 degree). In addition to giving the 
subtended angle, however, the distance of the observer from the 
object should always be stated, since his acuity may be affected by 
the amount of accommodation required to bring the test object into 
focus. 

It is an important optical “fact that images are never perfectly 
sharp. Consider the image of a point of light against a perfectly 
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black background - say a single star on a black night. If this were a 
point source (which is true of a star), the image is never a point but 
isa disk having finite size. The size of the disk will increase with the 
brightness of the source. The finite size of this disk is due to a number 
of factors, in particular to aberrations of the lens, spread of light 
through and across the retina, and to diffraction. 

The intensity gradients across the retinal image will in general be 
less steep than those of the object. Hecht and Mintz (1939) have 
considered the importance of this in acuity, and give the following 
diagram relating the spread of photic energy to the density of the 
cone receptors. (The scale at the top of the figure represents a mosaic 
of cones of 2-3 u diameter, this being the average size of the central 


foveal cones.) 
Cones 
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Fig. 1-8. Light intensity distribution in diffracted images produced by the 

fine wires whose geometrical images are shown as three lines in the lower 

Part of the figure. The scale on top of the figure represents the retinal 

Mosaic, consisting of cones whose diameters are 2'346 this being the average 
size of foveal cones. (From Hecht and Mintz 1939.) 


several cones, in two 


It is clear that the image will spread across 
ouble star we have the 


dimensions of course. If we try to resolve a d 
D 7 
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following situation, for each star will produce its own diffraction 
pattern and these will overlap if the angle subtended by the stars is 
sufficiently small. 


FIG. 1-9. Light intensity distribution from two points or 
wires. For discrimination the two peaks must be detected 
from the trough between them. 


The problem confronting the visual system is to discern the fall in 
intensity between the two peaks. Thus acuity becomes ultimately a 
matter of intensity discrimination, 

If this is so we should expect area to be important, for we have 
seen (Ricco’s and Piper’s Laws) that smaller intensity differences 
may be distinguished with larger than with small areas, This has 
been confirmed for acuity: Anderson and Weymouth (1923) showed 
that the visibility of a fine line increases with its length. We need not 
be surprised to learn that for fine lines acuity is so high that the 
geometrical image may be smaller than the diameter of a single cone: 
in fact the image may be but 1 /60 of a cone diameter. Evidently the 
intensity gradient information may be summed across many recep- 
tors, each contributing some information. 

Hecht and Mintz (1939) found that a long fine wire subtending 
‘5 second of arc could be distingvished against a bright homogeneous 
background. This is the extreme limit under optimal conditions; 


an average value might be about 1 minute of arc to resolve two 
points. 
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EXPERIMENTS ON ACUITY 


1. Acuity as a function of intensity. Acuity increases with intensity as 
shown in Fig. 10. 

Many attempts have been made to give some simple explanation 
of this curve. In particular, Hecht suggested that this is the integral 
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Fic. 1-10. Curves showing relationship between visual acuity and level of 

illumination (I). Circles show König’s data. The two solid lines show, 

(lower) rods and (upper) cones, the success with which a normal probability 
integral can be frted to the data. 


ofa normal curve, representing the thresholds of the retinal receptors. 
With increasing intensity more receptors would become functional 
and so the effective retinal ‘grain’ would become finer, giving higher 
acuity. This theory has many objections; in particular we know from 
electrophysiological and other evidence that the variance of receptor 
thresholds is not nearly great enough; if it were, about half the 
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receptors would never normally be effective as acuity goes on in- 
creasing at very high intensities. This would mean that half the 
receptors are virtually useless. 

Although the curve looks simple, there is probably no one simple 
explanation. The following factors are undoubtedly important: 

(1) the number of quanta reaching the retina (see Pirenne and 
Denton), (2) the use of the fovea rather than the periphery. Not only 
is the receptor density greater in the fovea, but also the summation 
areas are smaller, (3) the development of lateral inhibition, giving 
smaller summation areas, which takes place with light adaptation. 

2. Acuity for one and both eyes. Acuity may be compared for one 
and both eyes. It is better for both eyes, and the same is also true 
for intensity discrimination, 

AI/I is less with two than with one eye, as may readily be shown 
(Pirenne). 

3. Acuity as a function of the number of possibilities. This experi- 
ment involves a most important theoretical point. It is possible to 
think of sense organs in two ways: as receivers of energy, or as trans- 
ducers of information. In either case energy is involved, but if we 
think of the eye (or ear) as conveying information then concepts 
beyond pure energy considerations become important. One might 
think of energy from the gap in the ring stimulating the retina and 
causing (after a lot of neural activity in the brain, 
Alternatively, one might think of the retinal ac 
information to increase the probability that the gap is at one rather 
than another of the Possible positions in which it could be. On the 
former view. the number of positions in which the gap might be 
found is irrelevant, but on the informational analysis it is very 
important. The question is: does the number of positions in which 


the gap might be found affect acuity? We leave it as an exercise to 
design an experiment to answer this question. 


etc.) a response. 
tivity serving as 
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borders of images produces overlap of the images from adjacent 
objects: the difference in intensity between the ‘trough’ and the 
centre of the images must be distinguished. In flicker the ‘trough’ 
lies in time rather than space. The time constants of the eye are 
important in determining the ‘temporal troughs’ for given stimulus 
conditions. 

The eye integrates energy over time. As we have seen, the Bunsen- 
Roscoe law states that, for time intervals up to about ‘02 second, 
the eye is a perfect integrator. For detection a flash can be indefinitely 
short provided it is sufficiently intense: it is the product of time and 
intensity that matters. The same law holds (very nearly) for photo- 
graphic emulsions, and in both cases it has a photochemical basis, 
though for emulsions there is an effective loss of speed for very short 
flashes, but this is because two processes are involved. 

For the eye there is also summation of information in time. A very 
important question is how far the perceptual phenomena found for 
pattern recognition in a tachistoscope follow the Time x Energy 
relation which holds for the energy required to detect a flash. If 
information is, so to say, serially processed in perception, then we 
might expect a quite different relation (logarithmic?) to hold for 
tachistoscopic experiments involving pattern recognition. 

Flicker itself is of comparatively little interest in normal life, but 
if we consider an image travelling across the retina, due to the 
movement of an object in the visual field, then it is clear that the 
rate at which each part of the retina can respond to differences in 
intensity may be important for the detection of the movement. The 
Time x Intensity relation is found to hold for the threshold for seen 
movement (Leibowitz 1955). 

An eye which adopted a longes integrating time would, other 
things being equal, be more sensitive, but its temporal discrimina- 
tion would be worse. There is gvidence to suggest that in dark 
adaption the eye sacrifices temporal discrimination for sensitivity, 
the integration line becoming longer (Gregory 19552). 

Experiment to estimate critical flicker fusion frequency (c.f. J)e For 
measuring c.f.f. it is important to have an arrangement which main- 
tains the intensity of the source constant for all rates of flash. The 
simplest method is a sector wheel (episcotister) revolving at con- 
trolled rates and arranged to interrupt the light from a fixed source. 
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A slide projector giving a spot of light on a screen whose area and 
brightness may be varied is most convenient. (The projector lamp 
will normally be run from mains and so will itself have a flicker 
component but this is small and may be ignored for most purposes.) 

It will be found that c.f-f. increases with increase in (a) brightness, 
(b) area of flickering light, (c) area of background, 

Discrimination — conclusions. A number of types of discrimination 
have been considered. Speaking generally, sensory discrimination 
seems to be limited by the ability of the nervous systems involved 
to detect small intensity differences. This is even true of acuity and 
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FIG. 1-11. Three similar functions where intensity is a variable: (a) bright- 
ness discrimination, (b) CFF, (c) acuity. (After Osgood.) 
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limited by the signal noise ratio of the system we have an unusually 
powerful hypothesis which helps to relate sensory data with physio- 
logical mechanisms. 


ADAPTATION TO INTENSITY OF LIGHT 


The eye can function over a range of intensities of the order of 
10,000: 1. We are, however, temporarily dazzled and almost blind 
if we emerge suddenly from near darkness into bright light. This 
would seem to be a weakness of the system. Adaptation to dim light 
takes place comparatively slowly: sensitivity may increase for up to 
one hour in darkness. It is difficult to imagine that this long time 
course is of any biological advantage. 

Since the work of Hecht (1934) it has been rather generally sup- 
posed that the retinal basis of adaptation is the density of the photo- 
chemical rhodopsin. It has recently been shown by Rushton and co- 
workers, with unusually beautiful experiments, in which the con- 
centration is measured directly in the living eye, that the change in 
rhodopsin concentration with normal levels of incident light is very 
small. This implies either that rhodopsin concentration is un- 
important for adaptation, or that the small changes which do occur 
have a surprisingly large effect on the quantum capture and thus on 
sensitivity of the eye (Rushton 1952; Rushton and Campbell 1954; 
Rushton 1956). Rushton’s experiments give the only direct inforına- 
tion on this matter, but that other factors influence sensitivity can 
be readily demonstrated. Not all of these are retinal in origin. 

1. The diameter of the pupil increases in dim light, giving a 
10: I variation in light gathering power. 

2. The retinal area over which summation takes place in the retina 
increases in the dark, this being due to decreased lateral inhibition 
(Barlow, Fitzhugh and Kuffler 1956). 

3. The duration over which integration of energy takes place 
increases with dark adaptation (Gregory 1955). 

It would seem that many mechanisms are involved. These are 
very imperfectly understood, and until they are understood we are 
confronted with challenging fundamental problems. _ 

Demonstration of dark adaptation. A simple demonstration, due to 
K. J. W. Craik, is to have a series of small windows each illuminated 
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Fic. 1-12. Dark adaptation of the human eye, showing the increase in sensi- 


tivity with time in darkness for cones (solid dots: fovea only) and rods 
(circles: white light, eye as a whole). 
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THE PERCEPTION OF MOVEMENT 
If we consider the Perception of the movement of a small self- 
luminous object viewed 
there must Le at least tw 
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with the object. Clearly, quite different neural systems are involved 
in these cases. This seems to be a matter of some importance. 

Stability of the visual world during eye movements. The problem 
may be stated quite simply. If the eyes are moved (i.e. rotated) the 
images of objects in the field will be displaced across the retinae. 
Movement of images normally gives information of movement: why 
then, does not the visual world apparently move during eye move- 
ments? 

It was originally thought that the stability of the visual world 
during voluntary eye movements was produced by proprioceptive 
feedback from the extrinsic muscles of the eye. These proprioceptive 
feedback signals would be used by some central mechanism to cancel 
the movement signals from shifts of the image across the retina. 
There are, however, serious objections to this ‘inflow theory’: (1) 
Neural feedback loops are almost certainly too slow, so that the 
cancelling signals would not arrive in time to prevent perceptual 
instability. (2) Passive eye movements (such as by pressure with 
the finger) would be expected to produce signals from the stretch 
receptors. These should have some discernible effect, but none has 
been detected in perception, though Cooper and Daniel and 
Whitteridge (1953) have recorded their activity in the goat. (3) 
Helmholtz pointed out that patients suffering from paralysis of some 
of the extrinsic eye muscles experienced movement of the visual 
field when they tried to move their eyes, though in fact the eyes 
remained stationary. The experienced movement was always in the 
direction the eyes should have moved. It was this observation - which 
Kornmüller (1930) has repeated by anaesthetizing the muscles with 
cocaine - which led Helmholtz to suggest the outflow theory, which 
is that the eye movement command, signals are utilised for stabiliza- 
tion, presumably by an internal monitoring loop. (4) It is easy to 
show that passive eye movements do not shift after-images. This 
provides evidence against proprioception playing apart in stabiliza- 
tion, for some stretch receptor activity should be produced, and 
this should produce movement of the after-image.* 


* The best way of obtaining the after-image for this type of observa- 
tion is to fixate an electronic flash tube, giving say IIQ joule flash in 
about 1/rooo second, as used for photography. This is a very useful 
tool for visual experiments. 
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After-images usually move with the eye, even when viewed in 
complete darkness, during voluntary eye movement. Stability, there- 
fore, does not hold for after-images: why should this be? The most 
probable answer is that under normal conditions perceptual stability 
is achieved by a cancelling of opposed signals from (a) an internal 
loop monitoring the command signals to the eye, and (b) from the 
shift of images across the retina. There should be equal and opposite 
signals from these during eye movements: if these were arranged to 


cancel stabilization could thus be achieved quite simply (Gregory 
1958). 


APPARENT MOVEMENT 


I. The ‘waterfall effect’. Probably all the Sense modalities can be 
fooled. A flickering white light may appear strongly coloured — be- 
cause of the different time-constants of the physiological colour 
systems -and coloured lights will be observed if the eye-ball is 
pressed fairly hard with the finger: this stimulates the so-called 
pressure phosphenes. Any sense organ may be stimulated faradically, 
that is, with a weak electric current. The sense organs also tend to be 
fatigued, or adapted, by strong stimulation, The eye does not see 
colours normally for several seconds or minutes after stimulation 
with a bright coloured light. The after-effects of a strong stimulus are 
perhaps most striking in the case of movement, though it is surprising 
how few people notice these effects until they 

Demonstration of the ‘waterfall effect’. An endless belt of trans- 
verse black and white stripes may be driven continuously (a polygraph 
recorder giving various speeds is suitable for this) and fixated for say 
10 to 30 seconds. The belt is then stopped, and it will be found that 
1 


t appears to drift backwards in a marked but rather odd manner. It 
moves, and yet it does not change its position. Quantitative measure- 
ments can be obtained most ea 


effect. easily by timing the duration of the 


are pointed out. 


This effect is most marke 


5 d if the eyes belt 
using a fixation spot which ma yes are kept fixed upon the belt, 


y be projected upon it. If the eyes are 
oe pa the belt the real movement is still seen (by the 
A Pome pac but the after effect is greatly reduced if the 
ws the belt, and in many Subjects is entirely absent. This 
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suggests that it is not the perception of movement per se, but the — 
stimulation of the image/retina system which produces the effect. 

It does not, however, follow that the effect is due to a retinal rather 
than a central change, though on the whole this does seem the more 
likely. (Cf. Wohlgemuth 1911). 

2. The phi-phenomenon. This is historically important in Gestalt 
Theory. The effect is familiar from the apparent movement ex- 
perienced in illuminated signs. The conditions required for this 
apparent movement concern primarily the distance of the flashing 
lights and the interval between the first light going off and the com- 
ing on of the second light. 

Wertheimer (1912) argued that this form of apparent movement 
is due to spread of activity in the cortex, a view suggested by the 
Gestalt theory of isomorphism. This theory is now generally aband- 
oned, and the origin of the phi-phenomenon would be looked for first 
at the retinal level. It seems likely that what we have called the 
image-retina movement system is activated by flashes of light occur- 
ring within appropriate intervals and distances (see Chapter 2). 

3. The autokinetic effect. This also is historically important in 
Gestalt Theory. It is the apparent movement of a small dim spot of 
light observed in an otherwise dark room, or any small spot against 
a homogeneous field. Koffka (1935) says of it: 


These ‘autokinetic? movements, then, prove that no fixed retinal 
values belong to retinal points; they produce localization within a 
framework, but do so no longer when the framework is lost... 
The autokinetic movements are the most impressive demonstra- 
tion of the existence and functional effectiveness of the general 
spatial framework, but the operation of this framework pervades 
our whole experience. R 
Koffka stressed the importance of perceptual ‘reference frames’ in 
stabilizing the field, in this special case where the framework could 
only be conceptual because it had been shown that the autokinetic 
movements were not, as had previously been thought, due to eye 
movements. Guildford and Dallenbach (1928) showed, photo- 
graphically, that suitable eye movements do not occur under these 
conditions. We may check this in a simple manner. 
Experiment to discover whether the eye moves during the autokinetic 
5I 
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effect: the fovea is blind to dim blue light (Willmer 1946). If we view 
a small dim blue patch of light it disappears when it is fixated. This 
effect may therefore be used to detect eye movements. 

A set of Ilford Narrow Cut Spectral Filters is obtained, and a hole 
punched in the centre of the Blue filter. With the same punch, a disk 
of the same size is obtained from the Red filter, mounted in the hole 
in the Blue filter and bound between glass slide covers. The outer 
Blue filter is then masked with a hole of about 1 inch diameter. This 
arrangement is mounted in the side of a light-tight box fitted with a 
torch bulb. The intensity may be varied with a small variable resist- 
ance (Gregory 1959). 

If this arrangement is viewed in the dark, nothing but a red disk 
of light will be seen with central regard, but if the eye is moved 
slightly, a bluish-white halo will appear round the red spot, as the 
blue field becomes visible. With dark adaptation this effect becomes 
quite marked. The subject is required to note whether this halo 
appears during autokinetic movements of the red spot. 

The answer is, it does not. Thus the effect cannot be due to slow 
movements of the eye. 

Experiment to produce induced ‘autohinetic movements. If the eyes 
are held hard over to one side, or up or down, for from 10 to 30 
seconds before viewing the red spot, it will be found that, generally, 
there is a very fast drift of the spot in the opposite direction from the 
previous eye movement, Evidently the muscular imbalance sets up a 
related apparent movement. The same thing happens with tension 
applied to the neck muscles, as may be shown by pushing the head 
backwards-or forwards, or rotating it on a vertical axis right or left. 
It may be suggested that in these cases we have upset the neural 
movement channels which nozmally, in the absence of external 
ge. cancel out during eye movements. We scem to have upset 
E ability system which is so important for distinguishing between 

movements of the body or eye from movement of external 


objects. The autokinetic effect may be due to small random dis- 
turbances of these very co 


mplicated and deli 
NGcrenes miä Zangwill 196). elicately balanced systems 
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The eye is sensitive over arange of wavelengths from about 400 my 
to about 700 my. The photophic sensitivity curve shows the sensi- 
tivity of the eye to wavelengths along the spectrum, but in addition 
different colours are seen as wavelength is changed, though this does 
not appear from the luminosity curve, which ignores colour, being 
concerned only with sensitivity and wavelength. 

The seven spectral colour names — Red, Orange, Yellow, Green, 
Blue, Indigo and Violet - were given by Newton.* He originally 
adopted five, adding Orange and Indigo because he liked the number 
seven. Few people would spontaneously use, Or feel the need for, 
these additional names, particularly Indigo. 

It is impossible in experiments on colour vision to require the sub- 
ject to name each colour he sees, because it is quite impossible to 
name the several hundred discernible hues consistently. Colour 
experiments — apart from certain demonstrations — generally in- 
volve matching a field composed of a monochromatic or mixture of 
lights with some other mixture, or under some other condition, and 
requiring the subject to state when the fields appear identical. The 
data are then in terms of the various mixture components, or other 
conditions, required to give a match. 

Thomas Young (1807) made the most important discovery after 
Newton’s work on light. Young found that any spectral hue may 
be produced (and matched by) a suitable mixture of three and only 
three coloured lights. Further, the choice of these three colours 
(wavelengths) was found to be not critical. Young wrote: 


As it is almost impossible to conceive of each sensitive point of 
ber of particles, each capable 


the retina to contain an infinite nym 
of vibrating in unison with every possible undulation, it becomes 
necessary to suppose the number limited, for instance, to the 
three principal colours, red, yellow and blue... and each sensi- 
tive filament of the nerve may consist of three portions, one for 
each principle colour (1802). 

Young later changed his ‘principal colours’ (1807) to red, green and 

violet. s 


* These may be memorized wi 
Gained Battles In Vain’. 


th the mnemonic: ‘Richard Of York 
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Helmholtz’s modification of Young’s hypothesis gives us three 
types of receptor (cones), each type having its own spectral sensitivity 
curve. The colour seen depends on the relative activity of the three 
systems. Since the sensitivity curves must overlap, it is not possible 
to stimulate one curve at a time (except perhaps for far blue or far 
red light) and so the problem of discovering the form and spectral 
position of these hypothetical curves turns out to be very difficult. 
Four principal techniques have been adopted: (1) to record the ac- 
tivity from single receptors with micro-electrodes placed on the giant 
ganglion cells at the front of the excised retina, (2) selectively fatigu- 
ing the eye with bright coloured lights applied to one eye and making 
binocular matches under special mixture conditions, (3) to study 
colour vision in cases of colour anomaly, (4) measurements of hue 
discrimination. 

The reader is referred to Granit (1947) or to Morgan and Stellar 
(1950) for a summary of Granit’s work on the electrophysiology of 
the retina. The adaptation work was mainly undertaken by, and is 
described by, Wright (1946), where the colour anomaly evidence is 
also given. This is reviewed by Brindley (1957). 

In addition to colour the receptors also transmit information of 
brightness and saturation. A colour is desaturated by the addition of 
white light: if brightness were given by special cones having roughly 
the overall photopic Sensitivity curve of the eye, then saturation 
might be given by the relative activity of this brightness receptor and 
the colour cone systems. If white light were then added to a mono- 
chromatic light this would produce desaturation of the colour by 
adding brightness with only slight increase of activity in the colour 
systems being stimulated by the monochromatic light. The evidence 
for such a brightness receptor js, however, not conclusive. 

Demonstration of colour m 


; mixture with three coloured lights. If three 
slide projectors are available, with some form of intensity control, 


they may be fitted with aperture Stops and their lights combined on 


a screen, giving three overlapping disks of light. A different colour 
filter is then placed in each b 


eam. The Red, Green and Blue Ilford 
Spectral Filters are ideal. 

It will be found that with Suitable adjustments of relative intensity 
the Portion where all three beams overlap can be made white. Change 
in the intensity of the colours will change the mixture to any desired 
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spectral hue. Brown and black (which are not present in the spectrum) 
cannot be produced. 

If a Yellow filter is placed in one lantern, and the Red and Green 
in the remaining lanterns, it will be found that the monochromatic 
yellow can be matched with these two (red and green) lanterns. This 
turns out to be important. 

This finding that spectral hues can be produced with only three 
(but a minimum of three for the normal eye) lights does suggest that 
all colours are seen by the combined activity of three basic colour 
systems, but it does not follow that there are only three colour systems. 
How can we find out whether there are more than three systems? 

Three is the minimum possible number. The maximum number 
would be one colour system for each discriminable hue, that is, any 
given monochromatic light would stimulate only one set of receptors 
which would be unaffected by all other wavelengths. This would 
require several hundred sets of receptors, or colour systems: one 
for each hue. It is quite clear that the eye is not like this. If it were, 
visual acuity in monochromatic light should be extremely poor (im- 
paired by a factor of at least 100) if no receptors but those sensitive 
to a given narrow band of wavelengths were functional. It would 
have to be a narrow band because of the several hundred hues we 
can distinguish without- on this hypothesis - allowing combined 
activity from different systems to play a part in colour vision. Visual 
acuity in monochromatic light is very nearly equal to acuity in white 
light of comparable brightness; except for the case of blue light 
when acuity is poor, but this is due to the blue-blindness of the 
fovea (Willmer 1946). ° 

It is clear that there must be at least three systems, but there 
cannot be very many more than three or acuity in monochromatic 
light would be very poor due to the effective coarsening of the retinal 
‘grain’, The main problem in colour vision is to determine how many 
colour systems there are, and what their spectral sensitivity curves 
may be. 

Hering postulated a special yellow receptor, largely because yellow 
seems to be a unique experience. This is no argument: the simplicity 
or uniqueness of an experience is no guide to the degree of complexity 
of the physiological processes subserving it. In any case, we know 
that yellow can be produced by red and green mixture. There would 
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thus have to be zwo ways of seeing yellow: by the special yellow 
receptor and by the systems primarily serving red and green. We 
can show in a simple class experiment that there are not two ways of 
seeing yellow and this is a matter of considerable importance. 
Experiments to discover whether there is a special yellow receptor. 
We require some form of anomaloscope. This does not have to be of 
high class, or accurately calibrated. A simple filter instrument would 


being produced by monochromatic yellow light, and the other by a 
mixture of red + green light in adjustable proportions. The situation 
is thus exactly like that of the three lanterns described above, but 
with a yellow filter in one lantern providing one field and a red and a 


S © anomaloscope is a bright source of 
light, and a red and a green filter. 


at a bright source of light through, say, a 
or adapts, the eye to red. If he now looks 
back at the-anomaloscope fields, they should appear green. (If this is 

the adaptation was insufficient, and greater intensity 


€ extent, or in the same way, as the 


d green mixture, Tf, on the other hand, 
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that both stimulate the same retinal systems. For extremely bright 
adapting light there is some shift, but this is too small to affect the 
argument, and the shift is always in the same direction, towards red 
(Wright 1936; Brindley 1953; Gregory 1955b). 

It is possible to see a fairly good yellow by stimulating one eye with 
red and the other with green light. If the intensities are suitably 
balanced, at least some observers will occasionally see yellow, though 
there is a great deal of retinal rivalry, producing alternating red and 


Se 
400 500 

Wave length in mpy 
n. (Steindler 1906.) This shows by how much 
Aż) for a detectable difference in hue for each 
trum (A). This curve gives perhaps the most 
cho-physical means for discover- 
sion. 


600 


Fig. 1-13. Hue discriminatio 
wavelength must be changed ( 
Position along the visible spec 
fundamental information obtainable by psy ’ 

ing the response systems giving colour vi 


green. When yellow is seen this must be due to central fusion of 


activity from red and green systems. 
Hue discrimination. Hue discrimination is of practical importance 


in the dyeing and paint industries, as well as for the theory of colour 
vision. It is measured by changing the spectral wavelength, and 
recording the change in wavelength required for a difference in hue 
to be seen, brightness being kept constant. This is technically too 
difficult for a class experiment, but the implications ‘of the hue dis- 
crimination curve should be considered. 
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Fig. 1-12 shows a hue discrimination curve determined by 
Steindler (1906) for normal vision. It will be noted that AZ (the 
difference in wavelength required to detect a difference in hue) is 
plotted against 4 (wavelength). In this curve there are four minima: 
440, 485, 575 and 625 mx. These are the spectral positions where 
hue discrimination is best. 

Given that there are several cone systems, each having its own 
Sensitivity curve, the hue discrimination curve should correspond 
to these primary response curves in the following way. Consider first 
the high values of A4 at the extreme red and blue ends; at either end 
only one colour system will be functional, and change of wavelength 
should produce only a change in brightness. This is the case for red 
Over quite a wide range. As wavelength is reduced towards yellow, 
the next receptor system (green?) will become stimulated, and the 
hue will depend on the balance of outputs from these two systems. 
Now presumably AA will depend upon the relative slopes of the funda- 
mental response curves for each value of 7. Thus, there should be a 
relation between the hue discrimination curve and the fundamental 
response curves. This is probably the most direct information we 
Possess of the form of the fundamental response curves, but un- 
fortunately rather different hue discrimination curves have been 
obtained by different workers and, apparently, from different sub- 
Jects having similar vision, 

Tt is important to note that hue discrimination is limited by the 
minimum intensity difference which can be detected between the 
fundamental colour systems. Intensity discrimination again turns 
Out to be of basic importance, 
. Colour anomaly. More usually, though misleadingly, referred to as 

colour blindness’, colour anomaly is essentially an inability to dis- 
tinguish certain colours which are readily distinguished by the 


Nagel, in 1907, to develop the anomalo- 
Those obseryers requiring unusual 
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matches are known as anomalous Trichromats. This means that they, 
like normal observers, require three lights to match the spectral hues, 
but that the proportions of red and green required to match yellow 
are unusual. Some observers require only two lights to match all the 
spectral hues they can discern: these are called Dichromats. Occasion- 
ally Monochromats are found who have no ability to distinguish 
colours apart from their intensity differences. Their world is like a 
black and white film. 
The following classification may prove helpful: 


I, TRICHROMATS II, DICHROMATS III. MONOCHROMATS 


1. Normal colour vision 1. Protanopia 

2. Protanomaly 2. Deuteranopia 

3. Deuteranomaly 3. Tritanopia 

Now what does this mean? Section I observers (Trichromats) all 
require three mixture lights to match the spectral hues, but pro- 
tanomalous observers require more red, and deuteranomalous ob- 
servers more green, to match yellow. In Section II (Dichromats) 
only two mixture lights are required. Protanopes do not require red, 
deuteranopes green, and tritanopes (rare) blue. Monochromats are 
of only one kind - no colour vision. 


HEARING 


The physics of sound. A vibrating diaphragm or string, or a column 
of air as in an organ pipe or the larynx, alternately compresses and 
rarefies the air round it. 

When the increase in pressure is replaced by a local decrease, a 
pressure wave is replaced by a ‘trough’. A diaphragm, such as the 
drum of the ear, may be displaced back and forth with the alternat- 
ing pressure waves. When this is suitably attached to the mechanism 
of the middle ear, and to the neural mechanism of the cochlea and the 
brain, rapidly alternating pressure’changes may be heard as sound. 

The ear can hear tones over a frequency range from about 30 c/s- 
20,000 c/s. Frequencies below 30 c/s are heard as vibration rather 
than tone. The upper limit of 20,000 c/s is reached only by children 
and young adults. There is a continual falling off in the upper fre- 
quency limit of hearing with age (Presbiacusia). The useful upper 
limit might be put at 16,000 c/s. 
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The energy in a simple (sinusoidal) sound wave. The energy of 
waves can be measured in terms of peak amplitude, or in terms o 
root-mean-square amplitude. The latter is generally used, because i 
is a more stable value for complex waves, and we require to measure 
energies in complex as well as sine waves. In the case of sine waves, 


there is a very simple relation between these two measures. Where P 
is the pressure: 


Pom Pins = 0707P max 


No simple relation holds for complex waves. We shall use rms values, 
and this is standard practice. 

The intensity range of the human ear is extremely large; it covers 
a range of about 10!?: 1, (This is, of course, 1,000,000,000,000 : I.) 
The threshold of detection is only about 10~!8 watt. 


Relative intensities are given in decibels (db). This is a very useful 
measure, and is defined as: 


N (decibels) = 10 log, Ls = N = 20 log,, > 
log E, 
or N= log E, 
What does this mean? N 
1 decibel = o'r bel); P is th 
P, the pressure of some stan 
should be Particularly not 
unit, such as the metre, 
relative measure, Any de 
above, or below, some 


find that no reference vy 
‘ 


refers to the number of decibels (where 
© pressure of the tone being measured, and 
dard reference tone. E is energy, or P?. It 
ed that the decibel unit is not an absolute 
the second, or the gramme. The decibel is a 
cibel value (e.g. 30 db) always means ‘(30 db) 
other intensity’, In hearing, we frequently 
alue is given explicitly. Thus we may read: 
's was presented to the left ear’. This can be 
el is only a relative measure, because there is 
ventional origin (or P,) to the scale. This is 
the absolute threshold for the average human ear for young adults. 


Id has been determined, and is conventionally 
accepted as 0-0002 dyne/: 


Complex waves — 


ble oscilloscope. Arrangements should 
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be provided for mixing the signals from the oscillators. In addition, a 
tape recorder with microphone (preferably a twin-channel stereo- 
phonic recorder), and various musical instruments, such as tuning 
forks, organ pipes and a stringed instrument, are extremely useful. 

The use of an oscilloscope. A cathode ray oscilloscope is an instru- 
ment similar to a television receiver. A beam of electrons appears as 
a spot on a fluorescent screen at the end of the tube. This spot is 
repeatedly deflected at constant rate across the tube, from left to 
right, and is very rapidly returned. It is swept across by the time-base, 
the return being known as the fly-back. In the absence of incoming 
signals, a horizontal line is seen traced out on the tube face by the 
scanning spot. It is seen as a line because of persistence of vision, 
and because of the time constant of the ‘phosphor’, i.e. the fluorescent 
substance. Incoming signals are in the form of voltages, which are 
generally amplified by internal amplifiers whose gain must be suit- 
ably controlled. A change in the input signal voltage causes the spot 
to move up or down, and as it is carried along at constant rate (hence 
the expression ‘time-base’) a wavy line is seen which represents the 
changes of the signal voltage in time. The amplitude of the wave is 
linearly related to the voltage. If a microphone is attached, pressure 
changes in the air may be seen as waves - a dynamic graph - on the 
screen. A tuning fork, or the output from a single oscillator, will give 
a sine wave. What is actually seen is a number of sine waves, or 
perhaps part of one, depending on the setting of the time-base fre- 
quency control. Suppose we wish to look at a 1000 c/s wave: if the 
repetition rate of the time-base is 1000/second, we shall see one sine 
wave, minus the bit missing during the fly-back time. With a repeti- 
tion rate of 500/second, we shall see two sine waves, and so on. If 
the time-base repetition rate is not equal to, or a submultiple of, the 
signal frequency, then the display will run across the screen - an 
endless chain of sine waves chasing each other, but never catching 
and never caught. 

If the outputs from two oscillators are mixed, and the result viewed 
on the ‘scope’, different patterns are produced as the intervals be- 
tween the tones are changed. At any moment when they are in phase 
they will add together producing a greater deflection of the spot; 
when out of phase the spot will tend to return to the centre line of 
the screen, Two waves of the same form and amplitude but opposite 
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phase would produce a straight line, and silence. Zero amplitude 
(and silence) is produced at regular intervals by two waves of different 
frequency but the same amplitude, at those moments when they have 
equal and opposite values. If we set one oscillator to 1000 c/s and 
the other to 1010 c/s, we shall hear this happening every tenth of a 
second, and the result is a beat, which in this case will be heard as a 
throb rather than a tone. 

A vibrating string, organ pipe or other instrument, gives a funda- 
mental frequency and overtones, or harmonics, which are always 
multiples of the fundamental. The different timbre of musical instru- 
ments is due to the various relative amplitudes (or energies) of the 
harmonics. Instruments such as oboes and stringed instruments are 
rich in harmonics, while tuning forks and flutes are not; they give 
almost pure sine waves. Pipe organs can synthesize the various 
timbres of instruments by providing the appropriate harmonics from 
their range of pipes. These are controlled by the stops. Any wave, 
however complex, can be built up out of a set of sine waves of 
various amplitudes and frequencies. Similarly, any complex wave 
can be analysed into a set of simple sine waves. 

The structure and function of the ear. Pressure changes enter the ear 
through the auditory canal (meatus auditorius) and reach the ear drum 
(tympanum) (Fig. 1-14). This is an oval membrane placed obliquely 
in the meatus. It vibrates with the pressure changes reaching it from 
the sound source. Attached to the-inner side of the tympanum is the 
first of three tiny bones or ossicles. These are (a) the hammer (malleus), 
(6) the anvil (incus), (c) the stirrup (stapes). These form a set of 
levers which reduce the amplitude of vibration of the drum, The 
further end of the stirrup (the footplate) is attached to a second 
membrane, the oval window. This forms the boundary between the 
middle ear (containing the ossicles) and the inner ear in which lies the 
cochlea. The cochlea is a snail shaped cavity in the temporal bone. 
Ifwe take a cross section of one of the turns of the cochlea (Fig. 1-15a) 
we see three chambers divided by two membranes: Reissner’s mem- 
brane and the basilar membrane. The three divisions, or tubes, run- 
ning along the inside of the cochlea are the scala vestibuli, the scala 
tympani and the cochlea duct. The cochlea duct lies between the 
vestibular and tympanic scalae. Within it, and lying on the basilar 
membrane, are the receptor hair cells, They lie in rows in the Organ 
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Fic. 1-14. Parts of the ear, shown in a simplified cross-section. (By per- 
mission of the Otarion Co. Inc., Chicago.) 


of Corti, deep in the densest bone of the body, surrounded and 
nourished by fluid, protected from mechanical damage and from the 
fluctuations of the blood supply. No blood vessels are found here. 
The hair cells lie bathed in endolymph fluid, from which they are 
nourished. The freedom this gives them from pulsatory disturbance 
is no doubt an important factor in the extremely high sensitivity of 
the ear. 

The scalae vestibuli and tympani are joined by an opening, the 
helicotrema, at the apical end of the cochlea. We shall see the signifi- 
cance of these tubes (which are filled with a fluid, the perilymph) 
with their common opening, and the significance of the reduction in 
amplitude of airborne vibrations from the drum to the oval window 
by the ossicle lever system. ` ‘ 

The manner of vibration of the drum is important theoretically. 
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Its amplitude of movement is small - only about - 54 mm peak ampli- 
tude for the extremely high pressure of 1000 dynes/sq. cm at 100c/5. 
This amplitude will fall off linearly with increase in frequency, until 
o c/s it will be only -00054 mm. x 
= The. Er as a mechanical matching transformer. The function and 
movements of the ossicles are discussed in detail by Wever and 
Lawrence (1954). The ratio of input to output amplitude for the cat 
ossicles turns out to be 2:5: 1, but owing to the different areas of 
the drum and the oval window, the effective ratio is 60-7 : 1. For the 
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Fic. 1-15. (a) The cochlea shown in cross-section. (After Békésy 1957.) 


Tectorial membrane 


FIG. 1-15. (b) The Organ of Corti. 


human ear the ratio of the ossicle input- 
and the total effective impedance ratio 
matter of importance? The reason is t 
verted from vibrations in air to vibrati 
fluid, the perilymph, and for high efficiency of energy transfer some 
kind of transformer is needed to match the two impedances. The 
problem is exactly the same as that of matching the loudspeaker of 
a radio set to the output valve, though in this case the transformer is 
electrical, while in the ear it is mechanical. 

The impedance of the cochlea fluid changes with frequency, so 
that the optimum matching ratio will depend on the frequency. The 
ear is most sensitive at about 1500 c/s; at this frequency the acous 
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efficiency is 38 per cent (a loss of 4:2 db). At 100 c/s the efficiency is 
only 3:5 per cent (a loss of 14:6 db). It appears that the effective mis- 
match of the middle ear system at low frequencies is largely respon- 
sible for the falling off in sensitivity below 1000 c/s. 

The transmission of sound in the cochlea. Sound is no longer airborne 
after the oval window; it is a series of pressure waves in the peri- 
lymph. These travel up the scala tympani, through the helicotrema 
and down the scala vestibuli, which terminates in a membrane at the 
round window. (A frequency diagram of a schematic cochlea is shown 


Tysmpanic i 
Hehbrane Nr: 


Ss, 


Fic. 1-16. The ossicles of the inner ear. The tympanic membrane is vibrated 

by airborne sound; these vibrations are passed through the lever system of 

the ossicles to the footplate of the stirrup, which is surrounded by a narrow 

membrane enclosing the perilymph fluid which carries the energy to the 
Organ of Corti. o 


in Fig. 1-17.) The pressure waves produce vibration of the basilar 
membrane which probably sets up a shearing force in the Organ of 
Corti, between the basilar membrane and the tectorial membrane 
(Békésy 1957). This shearing would serve to provide greater force 
(with a sacrifice of amplitude) to deflect the hair cells, the mechanical 
stimulation of which initiates impulses in the auditory nerve. From 
this point on the sound waves are represented in terms of neural 
activity; the Organ of Corti may thus be thought of as a transducer 
changing the sound waves into a form which can be handled by the 


nervous system. 
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The neural activity has been recorded and related to sounds of 
various kinds. It appears likely that for low frequencies the hair 
cells serve as counters: one impulse being generated with each 
complete cycle. 

Unlike colour vision, we can isolate the separate tones in a chord, 
though the eye cannot provide any information of the component 
lights producing a colour mixture. It appears that the various fre- 


FIG. 1-17. Frequency map of the guinea-pig cochlea. (Culler et al.) 


quencies are represented in different regions of the basilar membrane, 
as shown diagrammatically for the guinea-pig ear in Fig. 1-17. This 
spatial representation of frequencies has been established by a 
number of techniques including: (1) damaging regions of the cochlea 
with fine drill holes, and testing for specific deafness, (2) subjecting 
the ear to extremely loud pure tones over long periods and looking 
for related local damage, and (3) recording from different regions 
while the ear is stimulated with tones of various frequencies, These 
studies show that at least middle- and high-frequency tones are 
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localized spatially, but that there is considerable spread of activity 
around any locus of primary stimulation. The physics of the cochlea 
as a system which localizes frequencies to specific regions is still open 
to doubt, Helmholtz suggested that it works by the principle of 
resonance; this can perhaps most easily be demonstrated with a piano. 
If the dampers are removed from the strings, by holding the loud 
pedal down, a piano will ‘answer’ any loud tone by sympathetic 
vibration of those strings which give the same tone when struck. 
Helmholtz suggested that the basilar membrane is tuned to different 
frequencies along its length, much as the piano is tuned to different 
frequencies from bass to treble. Békésy has, however, provided strong 
evidence against this view: he cut the membrane, while observing it 
under a microscope, and found that the cut ends did not fly apart. 
It thus appears that the membrane is not under tension, and so it 
could hardly be ‘tuned’ in the manner of a stretched string, or 
system of strings. He also found, by direct observation, that there 
could be a phase lag up the cochlea greater than one cycle; this could 
not occur with a resonant system. 

Several attempts have been made to construct models of the coch- 
lea, Békésy (1956) has considered the problem in terms of a travelling 
wave in a system of varying stiffness. He used a set of pendulums 
mounted on a rod which was periodically rotated, and investigated 
the properties of such a system under various conditions of coupling 
between the pendulums. This is a good example of the physical 
model approach to physiological problems; the actual arrangement 
used is quite simple, and should make an interesting demonstration. 

It has been suggested that the cochlea is a ‘wave guide’, a system 
which has been studied in connection with the very high-frequency 
radio waves used for radar. It appears that wave guides have prop- 
erties which might be used for producing separation of frequencies. 

The finding that there is considerable spread of activity either side 
of the central locus of vibration of the basilar membrane raises the 
question: why does a loud pure tone not sound like a cluster of 
neighbouring tones? A possible answer is that the ear adopts gradient 
sharpening, as does the retina. This may indeed be a rather general 
Property of sensory networks. If a sharpened matchstick is pressed 
into the skin of the hand or atm, until a marked depression is pro- 
duced, the sensation is of a simple point. But since the surrounding 
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skin has been pressed inwards, the surrounding touch receptors 
must be stimulated. It appears that activity from the peripheral 
receptors is rejected (inhibited). On this view of suppression of 
activity from less stimulated neighbouring receptors, we should 


expect that a tone might suppress, or mask, a neighbouring weaker 
tone. 


MASKING EXPERIMENTS 


1. Masking by tones. This experiment requires an audiometer and 
a separate audio oscillator. The signals from these are mixed into a 
common earphone. 

The oscillator is set to a frequency which is not a multiple of any 
of the spot frequencies given by the audiometer, for we want to avoid 
the complication of harmonics; 800 c/s is convenient. Its intensity 
is set rather high, say 80 db. This may be found with sufficient 
accuracy by comparison with the audiometer. To do this, connect 
the outputs into separate ’phones, place one ’phone against each ear, 
and with the audiometer set to the nearest frequency to the desired 
masking tone, and giving an 80 db output, adjust the oscillator until 
the intensities balance. It may be advisable to reverse the earphones 
in order to check that the observer’s ears are roughly equivalent. 

An audiogram is then obtained (using 5 db steps for a class experi- 
ment) while the 80 db 800 c/s tone from the oscillator is mixed with 
the audiometer signal. If this is repeated with various intensities of 


masking tane, a family of curves such as 


those shown in Fig. 1-18 
should be obtained. 


It will be noted that (a) the only masking below the frequency of 
the masking tone is very close to that tone, and (b) there is a marked 
rise in the threshold for several octaves above it, with a depression 
at each octave. 

If now the same procedure is adopted, but for binaural masking, 
where the audiogram is obtained from one ear while the masking 
tone is applied to the other, very little masking will be found. It is 
generally thought that any effect which may be discovered is due 
to sound crossing the head by bone conduction. It appears that 
masking takes place in the ear and not across the ears. 
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The reason for masking being almost entirely upwards in fre- 
quency may be due to some property of the cochlea, or it may be 
due to distortion in the ear (probably in the middle ear) producing 


harmonics from the fundamental masking tone. 

2. Masking by ‘white noise’. The same procedure may be adopted, 
but using in place of the masking tone a source of random or ‘white 
noise’. (The curious term ‘white noise’ is taken over from optics, for 
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Fic. 1-18. Masking effects of an 800 c/s tone. (From Fletcher 1929; Speech 
and Hearing.) 
ncies in the spectrum. A mono- 
s + . 
us to a pure tone in this respect. 
d indeed the sound of escaping 


white light consists of all freque 

chromatic coloured light is analogo 

White noise sounds like a hiss, an 

Steam is essentially white noise.) 
The results for noise masking are similar to tone masking, in that 

masking increases with frequency, though continuously. 
Localization of sound. People who are totally deaf in one ear are 

handicapped in their ability to localize the position in space of a 
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source of sound. If a sound originates from one side of the head, it 
will provide more energy to the nearer ear, provided the frequency 
is fairly high. The reason for the difference in energy (and so of 
loudness) is that the head shadows the sound to the further ear. Long 
wavelengths of sound get round the head; there is hardly any 
shadowing for long, low-frequency waves. 

Demonstration of the frequency-selective effect of the head shadowing 
sounds. If a noise source placed to one side of the head is heard, 
(a) with the nearer ear occluded, say by the palm of the hand, and 
then (b) with the further ear similarly occluded, it will be found that 
the noise sounds higher (i.e. with greater energy of high-frequency 
components) in the zearer ear. This demonstrates that the shadowing 
is frequency-selective, the higher frequencies being shadowed by the 
head and so lost to the further ear. 

It may seem to follow that sound localization should be relatively 
poor for low-frequency sounds, but this is not the case. At low-fre- 
quencies the ears make use of the phase difference between the ears 
due to their different distance from the source. Any given change in 
Pressure reaches the nearer ear first, and throughout a wave this 
time difference will remain constant, provided the direction of the 
Source from the head is maintained. The simplest way of investi- 
gating binaural time discrimination is by applying pairs of clicks 
Separated by various time intervals, one to each car. Wallach, New- 
man and Rosenzweig (1949) found that time differences as small as 
30-40 second provided information of direction, and only one click 
is heard; with intervals greater than 2-3 m.seconds a double click 
was heard and localization lost, 

The best way of ex 
esting effects is with a twi 
desired time intervals may 
using two microphones so p. 
is the correct distance furth 


ears, 


It is found that phase difference is used for sound localization for 
equencies below about 1500 c/s. Localization is rather poor for 
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intermediate frequencies where, in other respects, hearing is most 
efficient. 
Marler (1955) has provided evidence that in animals warning cries 


tend to lie in the range where localization is poor, thus the ‘sentry’ 
is not given away, but such cries as mating calls are in a region where 
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Fic. 1-19. Recruitment. The broken line shows how a normal person will 

make a binaural loudness match; the solid curve shows how a nerve-deaf 

ear ‘catches up’ with the normal ear at high intensities. Data from Fowler 
for a patient deafened to 2048 c/s in he right ear. (See Wever 1949.) 


localization is good. Thus the position of the suitor is given away, 
but the mate is not frustrated, at any rate for auditory reasons. : 
Experiments on the localization of sound. (1) The subject should sit 
in the centre of the room with his eyes covered. The experimenter 
makes various kinds of sound, each of short duration, from various 
Positions round the subject, who indicates by pointing where he 
thinks each sound originates. ; £ 
For demonstration purposes clicks may be produced with coins. 
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Tones may be produced with an oscillator (or audiometer) and an 
earphone which may be moved from place to place silently. The best 
system, perhaps, is to mount small ’speakers or *phones round the 
subject and to switch the various tones or other sounds to these in 
random order. R 

(2) The ears may effectively be reversed with a pseudophone. This 
consists of two horns, one placed in each ear and bent round the head 
so that the sound reaches each ear from the opposite side of the head. 

These two experiments may be combined. It is interesting to 
locate sounds with the pseudophone both with and without vision. 
The information from the auditory sense tends to be ignored when 
vision is available. This has been investigated by Jackson (1953) in 
an experiment in which spurious visual indications of sound sources 
were used. Held (1955) got his subjects to wear a pseudophone for 
several hours continuously and noted that this produced a systematic 
shift in sound localization, 

Information in speech waves. A central and difficult problem is to 
discover which characteristics of the complex waves of speech are 
important for carrying information. These experiments take the form 
of destroying or modifying some features of the speech wave, and 
finding the effect upon intelligibility tests. One of the most striking 
findings is due to Licklider (1946), who showed that if the peaks of 
speech waves are cut off (this is quite simply done with two backed 
diodes) speech is still intelligible. Under conditions of noise masking, 
a small percentage of clipping may actually improve intelligibility. 
Important information is evidently carried by the time intervals of 
the cross-over points. It looks as though it is the ear’s remarkable 
ability to discriminate very small time intervals - which was noted 


for binaural hearing when we discussed localization — which is vital 
to the recognition of speech. 


The new concepts of Info; 
ally by Shannon (1949), 
information transmitted 


rmation Theory, first stated systematic- 
have proved of great use in quantifying the 
in speech under various conditions. It is 
eneral problem of sensory discrimination. 
n a special technical sense which does not 
rmation’ is defined in terms of the selection 
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sim i 
à a oe case, and the case requiring least ‘information’, is 
Saket se en a set of two possible items. The unit of 
ae Mensen ed it — is defined as a choice between two possi- 
native events or es simple code containing only two alter- 
simple receiving a badot ia dash. Tt requires only a very 
ME fe HG = en to distinguish between two possibilities, 
Eures z ely, but it requires a large number of these 
De represent a lot of information in a message. In a 
ea ren ing a large number of characters (such as Chinese) 
snr ie pane may be carried by each symbol, and then fewer 
Sehe nn = for any given message. Thus the message will 
hee an. e apparatus required to discriminate the symbols 
ea elt ras be more complicated. Information is defined 
ee n of = e number of alternatives, the use of logarithms 
are ee hus a choice of I out of ro alternatives carries 
an era sini? carried by a choice of I out of 100 alternatives, 
er muc as I out of 1000 alternatives. The alternatives 
In ae je z parme cards, voltages, intensities, speech sounds, 
aible: eu n s to the base 2 are used. We may take an ex- 
with aie Mi Fe the ear can distinguish with equal ease (i.e. 
seu hs en al ility of error) 16 things, no matter what these 
enn is ke is characterized by 4 bits of information, 
g2 16 = 4. 
We should consider the case of a continuous scale, such as intensity 


or fre ee} 
quency. Suppose we have a measuring instrument, say 4 loud- 
divisions. Each division repre- 


ensign ge meter, graduated in i 
Tee die of a number of possible values the variable aight take. 
Seater h a the number of divisions on the instrument the 
en dint os of information At can represent. To represent a 
number of ne e perfectly the instrument would need an infinite 
ee Tr ne and its differential threshold’ would have to 
Variable perf thus ın practice impossible to represent a continuous 
tone ectly - it would require an infinite amount of informa- 
Feda cae feature of all communica 
aos whos een disturbance of the sig 
hasbeen rs capacity, which is the rate of tra 

x ormulated in the Hartley-Shannon Law. 
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(or frequency range) of the system is W, the mean signal power S, 
and the mean noise power N, then the Law states that the channel 
capacity is: 

W = log, (1 + 5) bits/second 


It may be seen from this that by suitably ‘trading’ the variables it is 
possible to describe an infinite number of different systems having 
identical channel capacities, or information rates. Thus if there is 
plenty of time available, low band width and low signal/noise ratio 
may be adequate. But to transmit the same amount of information 
in a short time the band width and power must be increased, or the 
noise level must be reduced. Here the essential problem of sensory 
discrimination is formulated in a manner allowing quantified data 
to be obtained by experiment. Although the importance of discrimi- 
nation has been stressed throughout, discussion of the formulation 
given by Shannon has been postponed until now, because speech is 
so familiar, and yet so baffling, that the formulation may seem of 
immediate use. Having thought this out, it might be worth the 
student’s while to think again about the general problem of dis- 
crimination by the senses. 

If a signal is masked by noise the moment to moment value of 
the noise will add to or subtract from the value of the signal energy- 
If the value of the signal Plus the noise at this moment should repre- 
sent some other piece of information, that is to say another symbol, 
then an error will occur unless the redundancy ofthe code is sufficient 
to allow rejection of the ‘error signal’, Redundancy is the use of more 
symbols than would be necessary for the transmission of the message 
in a noise-free system. The larger the physical intervals between 
signals the less probable it is that noise will distort a symbol so that it 
is mistaken for another symbol. Thus to reduce the probability of 
errors: (a) the number of Steps used as symbols should be small by 
comparison with the total range over which the receiver works, 
(b) the code should be redundant. Repetition is one form of re- 
dundancy. (c) Each symbol may be transmitted and received over a 
long time interval, the receiver incorporating some form of inte- 
grator. The signal/noise ratio increases with time, given integration. 
If the integrator is perfect, S/N increases with the Vz, or with VN, 
where N is the number of repetitions of the message. 
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Many experiments have been done on recognizing words chosen 
at random from restricted vocabularies of various sizes under noise 
masking conditions. In general, intelligibility falls as the number of 
words in the vocabulary is increased. This is similar to the experi- 
ment in visual acuity mentioned in a previous section, in which the 
number of possible positions of the gap is changed. If either the 
number of words in the vocabulary or the number of speech symbols 
is increased, the chances of confusion and error through noise is 
increased. 

We leave it to the reader to design an experiment involving the 
recognition of words in a noisy situation to test these assertions at 
least qualitatively. The quantative results of such experiments are of 
the greatest importance, but their study would take us too far from 
the sensory processes involved. The measures which may be obtained 
are, however, important for testing hypotheses of how central dis- 
crimination mechanisms might work, and in investigating the role 
of probability in the making of decisions. 

The recognition of speech. The ear can distinguish tones best when 
they are about 50 db above threshold, and in the frequency range 
500-4000 c/s (Miller 1951). The ear can thus handle, in the technical 
sense, most information in this region, because it can make most dis- 
criminations. There are about 1600 distinguishable tones and about 
300 intensity levels (cf. Miller 1951; PP- 49-50). We cannot recognize 
so many, but they can be distinguished. The number of distinguish- 
able pure sounds should thus be 30010, Comparatively few sounds 
are used as phonemes for speech, and there are fairly clear reasons 
for this. Individual voices are different; and yet all use the ‘same’ 
Phonemes or set of phonemes; the speaker may be at various dis- 
tances, and speak at various energy levels. The auditory system is 
capable of very much finer discrimination than is required for speech 
recognitions; this will tend to provide a safety factor against wrong 
identifications. The transmitted information is largely redundant, and 
this reduces errors. 

The amount of information in a sound wave is given by 

=f: 
Amount of information = 2TW log — 
where log (s + n)/N can be regarded as the signal/noise ratio in 
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decibels, W is the width of the frequency band, and T the duration 
of the message, or in words: the amount of information in a speech 
wave is proportional to duration of the speech, to the range of frequency 
components involved, and to the logarithm of the number of discriminable 
steps in amplitude (cf. Miller 1951). 

In English only about 50 speech sounds (phonemes) are used out 
of all the possible combinations of frequencies and amplitudes. This 
is no doubt a concession to the noisiness of the world and of our 
nervous systems. Any masking noise will tend to reduce the informa- 
tion in the message; redundancy serves to preserve the message 
against noise or, to make this more explicit, to reduce the probability 
that any disturbance sufficiently important to cause an error will 
occur. In addition, language itself is redundant. In English ‘q’ is 
always followed by ‘w’, and so if ‘u’ were missing the word could still 
be read with certainty. Thus ‘q een’ can be read almost without 
hesitation. A gap such as ‘b ead’ can generally be filled in with a 
reasonable probability that no error will occur in a context. The 
same is true of spoken language, both in the physical characteristics of 
the speech sounds and in the statistical structure of the language. 
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Chapter 2 
PERCEPTION 


N. F. DIXON 


University College, London 


First and foremost perception is the process whereby the individual 
experiences an environment. Beyond this the perceptual response 
has been regarded as, if not a necessary, at least a desirable prelude 
to those subsequent actions, responses or behaviour patterns whereby 
an organism so adjusts itself, or its environment, as to maximize its 
own chances of survival. According to this viewpoint, perception is 
essentially adaptive, the first stage in regulative behaviour, the input 
side of a feedback device whereby the external world including the 
body of the percipient is brought into line with the needs of the 
individual, both social and biological. Then again perception has 
been described as an activity of mind, the elaboration of subjective 
phenomena which ordinarily, though not necessarily, owes some- 
thing to the physical stimuli that activate the sense receptors. 

If this is the nature of the perceptual process, what of its product? 

Here, irrespective of their ultimate function it is convenient to 
regard percepts as lying along a number of different continua. Of 
these, the most important is that of veridicality, or consonance 
between their content and the external world. Thus hallucinations, 
dreams, illusions, so-called misperceptions and incomplete percep- 
tions are merely points towards one extreme of such a continuum, 
one which ranges from the truly fantastic and idiosyncratic at one 
end, to the photographically truthful and complete picture of reality 
at the other. Now it is in the nature of the perceptual response that 
percepts at the latter end of this continuum are as rare, if not rarer, 
than those at the former. For perception is less concerned with the 
wholely accurate and complete representation in consciousness of 
what is outside the individual than with fashioning a visual, auditory» 
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olfactory, tactual and gustatory world that is at once both ‘true’ and 
appropriate at the moment of perceiving. To perceive all would be 
nearly as unadaptive as to perceive nothing. In the same vein, to 
Perceive the same situation in the same way at all times and as all 
others perceive it would be hardly more useful than to hallucinate. 
For far from being a passive representation of what is there, percep- 
tion shows itself to be a highly selective ‘effort after meaning’ (Bart- 
lett 1932) whereby the individual brings to bear upon the informa- 
tion available at his sense organs a cognitive structure determined by 
his needs, attitudes, previous experience and biological make up. An 
extreme version of this view is that advanced by the “transaction- 
alists’. For this school of thought (Ittelson 1960), perception is ‘that 
Part of the process of living by which the individual, from his own 
Particular point of view, creates for himself the world within which he 
has his life’s experiences and through which he strives to gain his 
Satisfactions’. Beyond this even there is a sense in which perception is 
Something sui generis resulting from cerebral activity which may per- 
sist even in the absence of afferent stimuli. This has been exemplified 
by recent work on the effects of sensory deprivation (Solomon et al. 
1957). These studies have made it clear that left to its own devices 
and insulated from external information, the brain will continue to 
elaborate percepts albeit of little value to the individual. One import- 
ance of this finding is that it justifies yet another view of normal per- 
ception, namely that it be regarded as the process whereby external 

Stimuli control, direct, and shape the content of consciousness. 
However, whatever one’s theoretical viewpoint, the problems of 
Perception remain the same. There are, on the one hand, those of 
explaining the discrepancies between what is perceived and what is 
there; on the other, those of investigating such factors in the stimulus 
and in the percipient which determine the precise nature of parti- 
cular perceptual phenomena. : 
As to the first, three sorts of explanation have been given for the 
discrepancies encountered in trying to relate what is perceived to the 
raw sensory data received. Gestaltists in the tradition of continental 
Philosophy incline to the view that while percepts owe something to 
the external stimuli, they also reflect the effect of certain organizing 
Principles ‘built in’ to the nervous system of the organism. r 
here are two questions here for experimental research - that o 
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demonstrating the operation of praegnanz* and of certain other 
principles in the perception of normal persons; and the far more 
difficult one of testing the hypothesis that these principles are un- 
learnt, that they are in fact the psychological correlates of certain 
intrinsic attributes of the human nervous system. 

A second explanation in the English empiricist tradition is that 
perception is largely learned - that the percept is the resultant of the 
physical stimulus and the past experience of the percipient. This is 
the view subscribed to by Vernon (1952) when she says ‘a percept... - 
exists as a part of a systematic categorization of experience in con- 
cepts and schemata’, 

It is a view with a great deal of experimental backing. Exactly 
how and to what extent experience does determine perception are 
Problems which will be investigated by the experiments to be 
described. 

Finally, and in recent years, the view has been put forward that 
perception can only be understood in the context of certain person- 
ality variables. This theory proposes that what we perceive depends 
very largely upon such factors as present needs, emotional state, 
attitude, prejudice and the like. It is a theory that makes contact with 
Personality dynamics on the one hand and psychophysics on the 
other. 

Now in the history of the Psychology of perception countless eX- 
periments have been performed which support one or the other of 
these three sorts of explanation for certain perceptual phenomena. 
Thus Gestalt psychologists have concentrated in the main in arrang- 


ing for investigation such Perceptual situations as will maximize the 
probability of explanation 
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the need-relatedness of the stimulus presentation or the personality 
make-up of the individual, or his present need state. 

Purpose of experiments. For our present purpose, however, it is pro- 
posed to adopt an eclectic view and present three experiments each of 
which relates in some measure to all three types of perceptual theory. 
From each of these experiments conclusions may be drawn regarding 
(a) the role of organizational factors in perception, (b) the influence of 
past experience and cognition upon perception, and (c) the effect of 
Personality and emotive factors upon what is perceived in a given 
situation. 


THE PHI PHENOMENON 


Introduction. The phi phenomenon refers to an illusion of movement 
between successive presentations of two momentarily exposed, 
spatially separated, stationary objects. Under certain critical condi- 
tions of intensity and of time and distance they appear as one 
object moving from the position occupied by the first object to that 
Occupied by the second. Writing about this phenomenon in her 
Further Study of Visual Perception (1952) M. D. Vernon comments 
that the amount of experimental work devoted to the study of 
apparent movement is out of all proportion to its importance in the 
Psychology of perception. Certainly a great number of experiments 
have been devoted to a study of the phi phenomenon and it is un- 
doubtedly true, as Vernon points out, that the perceptual experience 
of apparent movements is a comparatively rare and unimportant 
event in normal everyday life. However, the writer maintains that, 
for theoretical and other reasons, the phi phenomenon is of the 
greatest importance for the student of perception. To start with it is 
of undoubted historical interest as that perceptual phenomenon 
Which stimulated Wertheimer (1912); and through him later gestalt- 
Ists (Koffka 1935; Kohler 1929), to develop what was at the time a 
much-needed new way of looking at perce: 

Whatever reservations contemporary psyc aoe 
Such aspects of Gestalt theory as the hypothesis of cortical isomor- 
Phism, there can be little doubt that this theory, in contrast with an 
earlier elementarist-associationist set of postulates, contributed little 
Short of a Copernican shift in the history of present day psychology. It 
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was as important for the development of perceptual theory as was 
Kant’s (1781) theory of knowledge (which in many respects it 
parallels) for present day philosophy. 

These are somewhat sweeping assertions. How in the context of the 
phi phenomenon can they be supported in detail? In the first place 
being an illusion the phenomenon provides unassailable evidence for 
refutation of the old and naive ‘constancy’ hypothesis, the hypothesis 
that we perceive what is there, the hypothesis that assumes a photo- 
graphic verisimilitude in perception. In the second place, the study 
of phi and kindred illusions necessitated the adoption of a new atti- 
tude towards the sort of processes that must underlie the perceptual 
response. This new approach so admirably expressed in Köhler’s 
(1939) discussion on dynamism versus mechanism had repercussions 
of a revitalizing kind throughout all areas of psychology. One does 
not have to subscribe to the notion of built-in organizing processes 
or of the distribution of field forces in the brain to realize the extent 
to which Gestalt theory stimulated all manner of interesting research 
and helped to bridge the gap between psychology and physiology. 

Finally, as it is hoped to demonstrate in the following experiments, 
the phenomenon Provides a perceptual experience of great sensitivity 
to the influence of many and varied independent variables which 
the experimenter might be concerned with studying. Some of these 
are exemplified in the following cross-section of researches involving 
investigation of phi in different contexts, For a more exhaustive 


treatment of the subject, the reader is referred to the previously cited 
book by Vernon. 


hree ‘laws’ which state that for optimal 
HF See “lationship between the time and distance inter“ 
> an inverse relationship between time interval and intensity © 
hes marie and a direct relationship between distance and intensity- 
dex z only true to a limited extent (Cermak 1922) these conclu- 
ere important to Gestalt theory in so far as they are com“ 

88 


PERCEPTION 


patible with the idea of radiating forces between local stimuli in the 
brain field; phi, according to the principle of isomorphism, being the 
perceptual experience that results from a meeting of two such radia- 
tions between their points of origin but nearer the second than the 
first. 

No less important for Gestalt theory were later experiments by 
Dimmick and Scahill (1925) and Brown and Voth (1937). These 
studies supported the Gestalt contention that real movement depended 
upon just such ‘built-in principles of cortical organization’ as were 
responsible for apparent movement. Their method was simply to 
show an inability on the part of normal subjects to distinguish 
between phi and real movement. While perceptual similarity is of 
course no proof of an identical underlying mechanism these studies 
did lend credence to the Gestalt viewpoint, especially since they pro- 
vided subsidiary evidence for field effects; this evidence was pro- 
vided by the shrinkage of the circular path described, either by a 
single rotating light source, or the apparent movement produced by 
a circle of lights flashing in sequence. There remained however at 
least one alternative to the Gestalt explanation in terms of cortical 
conduction. It was that the phenomenon occurred through eye 
movements. This hypothesis, however, appeared, to say the least, 
unlikely in the light of experiments by Wertheimer and Gengerelli 
(1948) which demonstrated the possibility of simultaneous phi in 
two directions at once. 

While the capacity for perceiving phi is no d 
herent dynamics of the nervous system the phenomenon is none the 
less subject to the effects of learning and past experience, as 1S shown 
by the fact that its strength is strongly affected by the meaningful- 
ness of the context in which it occurs. Thus it can be shown that 
the apparent arm movements of a ‘stick man’ are more pronounced 
than those of two straight lines presented under otherwise one 
Conditions, Apropos of this, Jones and Bruner (1954) from a series s 
experiments investigating phi in various contexts, both a 
and meaningless, conclude that ‘out of familiarity comes a soni 
€xpectancies ordering and interrelating the cue to apparen m 

; nt in some contexts 
ment... the organism learns to expect movement ın | A et 
more than in others and learns to expect certain kinds of mov 
from some objects and not from others’. 
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Finally in this brief review of experimental work involving the phi 
phenomenon there are studies in which it has featured as an inde- 
pendent variable in the investigation of quite other parameters of the 
individual. 

They are exemplified in two experiments by Christman (1953) 
and Livson (1953) respectively investigating the effect of prior ex- 
perience of apparent movement on, in the one case, figural after- 
effects and, in the other, the autokinetic phenomenon; experiments 
which were deemed to provide some support for the Köhler-Wallach 
Satiation hypothesis, and the general theory of cortical isomorphism. 

Ofa rather different kind are experiments in which phihas been used 
in the context of inter-retinal and inter-hemisphere interaction. In 
support of a ‘central’ theory phi was found to occur whether the two 
stimuli were applied monocularly or binocularly, whether one was 
Presented to each half of the single retina, or both in the same half, or 
whether the two were presented separately to the two eyes in differ- 
ent or the same visual field. 

Yet other studies (Bender and Teuber 1949; Brenner 1956) have 
been concerned with the effect upon phi of brain damage, the main 
findings here being that, for people so afflicted, real and apparent 
movement might be replaced by the perception of a succession of 
Stationary objects, or in other cases by curvilinear motion. 

Finally, in this overview the ambiguous nature of phi as a percep- 
tual experience has occasioned its use in yet another experimental 
Context, that of perceptual typologies. In one such study, Hamilton 
(1960), the tendency to perceive phi under appropriate stimulus con- 
ditions was shown to depend upon the age, personality type and 
neuroticism of the individual participant. Thus older people were 
found less able to see it than younger ones and those with lowest 
tolerance for ambiguity less so than normals. An important feature of 
this research was that its results Were consistent with the general con- 
cept of ambiguity tolerance (Frenkel-Brunswik 1949) for it showed 
that those persons with the strongest defences against internal con- 
flict, i.e. obsessionals and conversion hysterics, were those least able 
to perceive the reality-conflicting phenomenon of phi. The value of 
this experiment and others like it is not that they inquire into the 
nature of a Perceptual phenomenon per se but rather that they are 
concerned with individual differences, and, in the present instance, 
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provide support for the view expressed by Klein that individuals 
have a generalized perceptual attitude expressing certain generalized 
principles of cognitive control. 

So much for an example of the many and varied contexts in which 
phi has been studied. In some respects the following short experi- 
ments for classroom work encompass much that has been covered in 
this introduction. The necessary compression, and restriction in 
data, required by this approach, is excused on the grounds that, for 
the student of perception, adequate demonstration and familiarity 
with techniques should precede the sheer collection of data. 

In general the experiments are concerned, respectively, with test- 
ing Korte’s laws, investigating the effect of receptor area stimulated, 
examining the effect of meaning upon phi, and finally with a com- 
parison between real and apparent movement. Most of these small 
experiments can be administered to a group if necessary rather than 
to individual subjects. In either case, however, one version of each 
piece of apparatus to be described should prove sufficient for a 
laboratory class of twelve students working, say, in groups of three 
over a period of three hours. 


EXPERIMENT Ia 


Hypotheses. For the occurrence of phi:—1. With intensity held con- 
stant the distance between the stimuli is directly proportional to the 
time interval between their presentations. 

2. For any given distance there is an inverse relationship between 
the length of the time interval and the intensity of the stimuli. 

3. With time held constant there is a direct relationship between 
stimulus intensity and the distancg over which phi can be seen to 
occur. 

Apparatus. For investigating Korte’s laws the following apparatus 
designed by the author has been found quite sufficient. 

A, and A, are two wooden, metal or hardboard boxes 6 x 6 X 6 
inches painted black on the outside and white internally. At the back 
of each box there is a gas discharge tube, Ly and L, respectively. The 
front of each box contains an aperture 3 X 3 inches behind which is 
fixed a rectangle of opal flashed glass. On the outside ôf each aperture 
isa slide holder H, and H,. The fronts of the two boxes are joined by 
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a piece of heavy black corrugated cardboard behind which is a screw 
and lever for varying the distance between the boxes. Timing is 
achieved by micro switches (in the lamp Circuits) that are triggered 
bya pair of cams hand driven via the crank C. Stimulus intensity can 
be varied by inserting filters or Paper between the opal glass screens 
and the slides. The slides consist of metal or fibre squares in which 
slots are cut off-centre. By this means both distance between and 
orientation of the stimuli can be varied, 
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Some general considerations as to method. To test the first hypothesis 
for example, the independent variable will be the time interval be- 
tween stimulus presentations, and the dependent variable that dis- 
tance between stimuli at which the subject reports the best impres- 
sion of phi. In considering the method attention should be paid to the 
following points. What time intervals should be employed ? Should 
they be varied systematically (the method of limits), or presented ran- 
domly (the constant method). For any given time interval how should 
the distance be varied, progressively increased or decreased by the 
experimenter, varied randomly, or varied by the subject (the method 
of adjustment) ? Whatever the method chosen, what instructions will 
be given to the subject ? Finally what other factors need to be con- 
trolled if such results as are obtained can be ascribed to the effect of 
time upon distance. Taking the last point first it is a useful discipline 
to imagine some hypothetical results that might be obtained and then 
formulate explanations for such results that are alternative to the 
hypothesis under test. These explanations will suggest the factors 
that should be controlled or held constant during the experiment. 
They will include such things as general level of illumination, state of 
adaptation of the subject, the instructions given, the distance between 
the stimulus and the subject’s eyes, and the orientation of his head. 
All in all these considerations suggest that it will be essential for the 
experimenter and his assistant to carry out a brief pilot experiment to 
familiarize themselves with the apparatus and to establish time in- 
terval and distance ranges over which phi might be expected to 
occur. They should also decide upon a way of measuring the time 
intervals. Two possibilities present themselves. In one the experi- 
menter moves the cam lever back and forth in time to a metronome 
previously calibrated in seconds apd fractions 0) 
other the cam wheel is rotated at a given speed as measured by stop- 


watch. 
Notwithstanding these various cénsiderations and the advisability 


of the student working out his own method the following pro- 
cedure exemplifies one way in which the experiment might be con- 
ducted. 

Hypothesis 1. Procedure. S is seated in a semi- 
his head on a chin rest so that his eyes are on a 
yard from the two stimulus boxes. After five minutes for d 
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adaptation (longer should be allowed when time permits) he is given 
the following instructions: ‘I am going to show you two vertical lines 
of light in quick succession (demonstrate by operating cam lever). 
Depending upon how quickly they succeed each other and how great 
is the distance between them, you will see them as either two lines of 
light presented simultaneously, two lines of light appearing one after 
the other, or one line of light which moves back and forth from left to 
right and vice versa. 


‘All you are required to do is to signify which of these three things 
you see each time I ask you. Any questions ? 

At each of four time intervals presented in a random order the 
distance between the stimuli is progressively increased and then pro- 
gressively decreased. During each such trial the subject is required to 
signal what he sees according to the instructions given. 


Results. A record of the subject’s responses will enable entries to be 
made in the following table: 


TABLE I. Mean distance between stimuli in inches 


Time intervals: 150 m.s. 


| = Ama eames 
| 
| 
| 


50 ms. | Too m.s. 200 m.S. 


(a) Two simultaneous lines 
(b) Phi 
(c) Two successive lines 


| 
| 
Phenomenon reported: | | 


| 
The distance over which Phi is perceived should then be plotted as a 


function of the time interval between stimulus presentations, 
Hypothesis 2. Procedure, For investigating the relationship between 


time and intensity it is Suggested that the method of adjustment be 
used. The procedure is exemplified below. 
Under the same gene: 


cedure I the operation 
who is then given the fo 


the signal “now” I want you to turn the cam time handle at such a 
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pression of movement. When you have found the best speed main- 
tain it until I tell you to stop.’ 

With the distance between the stimuli held constant, the ex- 
perimenter then times the subject’s rotation speed under four levels 
of stimulus intensity. Differing levels may be obtained by using 
standard neutral filters or, failing this, varying thicknesses of typing 
paper between the lamp and slide. 

The order of application of the different intensity levels should be 
randomized differently for each subject. 

Results. From the speed of rotation at which S experiences phi the 
actual time intervals should be computed, and entries made in the 


following table: 


TABLE II. Time intervals at which phi reported 


Intensity level: 


I | 2 | 3 | 4 


Trial ı 
2 
3 
etc, | 
Means | 


| 
| 
| | 
| 
| | 
| | | 
| 
| 
| | 


As with hypothesis 1 the experimenter should also present the 
results graphically plotting time against intensity. 4 
Hypothesis 3. To investigate the relationship between distance and 
intensity the procedure is broadly the same as for the test of hypothe- 
sis I. The main difference is that the experimenter now varles stimu- 
lus intensity while holding the time interval constant. Regarding the 
latter it is suggested that that interyal which was found to Produce 
the strongest impression of phi be the one used. Stimulus intensity 
should be varied as in the previous experiments. i 
Results. Data from this study should enable entries to be made in 
Table III. . 
General conclusions from individual results. The purpose of this ex- 
periment was to examine the validity of Korte’s laws. The results, 
including introspective data, from each of the two experiments 
should be examined in this context and conclusions drawn regarding 


the truth of the laws. 
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TABLE III. Distances at which phi reported 
| Intensity 1 | Intensity 2 | Intensity 3 


Intensity 4 


| 
Means | 


Class or group results. Provided the various experimenters have 
followed identical procedures it should be possible to prepare three 
tables showing the relationships between intensity, time and distance 
for the group. The values in these tables will of course be the mean 
scores for each individual. 

The following tests of significance may be applied to the data: 

I. ‘P tests in which the mean distances and times at which subjects 
report phi are compared under differing time, distance and intensity 
conditions. 

2. Correlations; in which the coefficient of concordance between 
subjects in the degree of correlation they show between time and 
distance, distance and intensity, and time and intensity is computed 
by the method described by Kendall (1948). 

In addition to these Statistics, curves should be plotted for the 
group means just as they were for the individual means. 

Main discussion and conclusions. In discussing the results and draw- 
g conclusions the following points should be covered. First the 
results should be viewed in the light of Korte’s laws. Secondly 
their relevance to the Gestalt theory of isomorphism needs to be 
examined. Finally there should be some discussion of any anomalies 


in the results, particularly with a view to suggestions for further 
research in this area, 


in 


EXPERIMENT Ib 
This experiment is concerned with investigating the effect upon phi 
of the receptor areas stimulated. In partic 


ular it is designed to com- 
pare, on the one hand, intra with inter retinal stimulation, and, on the 
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other, the effect of stimulation that involves one cerebral hemisphere 
with that which involves both hemispheres. The following hypotheses 
particularize the investigations to be carried out. 

The tendency to perceive phi will be greatest when (a) stimulation 
is binocular rather than monocular, (b) both stimuli are presented to 
one eye rather than when one is presented to one eye and the other to 


Niniature bulbs Rubber 


in. metal sleeve 
oN holders 
ti = ; 
to oa" Metal disc 
with small 
hole 
FIG. 2-2. 


the other, *(c) when the two stimuli are presented in the same rather 


than different visual fields. 


Apparatus. The apparatus consists ofa pair j ; 
glass has been replaced by metal or fibre drilled to take midget light 


bulbs that are wired back to the cam timer described earlier. By 
having a number of holes drilled in cach eyepiece it is possible to vary 
within limits the regions of each retina stimulated. ; 
Method. The main problem of method in this experiment lies in 
measurement of the dependent variable. No longer is it a question of 


suggested that the,testing of this 
1 importance and method of test- 


of goggles in which the 


* When time is very limited it is 
hypothesis be omitted. Its theoretical 11 a 
ing should of course still be given consideration. 
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recording merely the presence or absence of phi. Rather do we have 
to find a measure which will be sensitive to qualitative changes in phi 
under different conditions of stimulation. Three possibilities present 
themselves — free verbal report, a verbal scale, some other measur- 
able non-verbal index of phi. For our present purposes it is proposed 
to use a combination of all three. That is, for each presentation made 
the subject will be asked to (a) describe the perceptual experience, (b) 
make a comparison between it and preceding perceptual experiences, 
and (c) demonstrate the time interval range over which phi still 
occurs. Implicit in this last measure is the idea of defining strength of 
phi in terms of its resistance to changes in the interval between 
stimulus presentations. 

Inasmuch as the independent variable is the receptor area stimu- 
lated the experiment will involve a sequence of switching operations 
by the experimenter. This sequence should be prepared beforehand 
and so balanced as to reduce any order effect. 

Procedure. Assuming that the subject’s eyes have been tested for 
normality and approximate equality in resolving power and sensi- 
tivity, he is tested in a reclining position, and the goggles adjusted so 
as to exclude all light apart from that provided by the pea bulbs. 

By switching on pairs of lamps in turn the experimenter then finds 
two pairs of lamps, where one lamp of each pair is presented to one 
eye and the other to the other, such that each pair is seen as a single 


point of light. Two typical such corresponding pairs AB + CD are 
shown in the following diagram. 


B A 
= = > =H {b 
F a timer 
G 
H 
FIG. 2-3. 


The subject is then instructed to rotate the cam timer at the slowest 
5 at which the perceives apparent movement between the pair 
on Bauer ee The rate of rotation and hence time interval is 
previous experiment. The subject is then re- 
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quired to rotate the cam at the fastest speed at which he perceives phi. 
The time interval between the illumination of AB and that of CD is 
computed as before. 

Having completed the first trial involving binocular stimulation in 
like fields the procedure is repeated for the single lamps A and C; B 
and D being now disconnected. Again the subject indicates the time 
interval range over which the phenomenon occurs. He is also asked to 
describe the perceptual experience and to indicate whether phi is 
now more pronounced, less pronounced, or equal to that experienced 
on the previous trial. 

This general procedure is then repeated for all possible pairs of 
lamps relevant to the hypotheses under test. Including those already 
referred to there will be: 


rst Stimulus 2nd Stimulus 


I. Binocular double A+B C+D 
2. » single same field A Cc 
3.* » » » » B D 
4. Monocular same field B c 
5.* » 22 » A D 
6. » different field Cc F 
7 F » » » G A 
8. Binocular single different field e H 
9.* » » » » D F 


should be compared with every 
ix times. To save time the alter- 
with an asterisk, may be omitted 
the following pairs. 


Ideally each stimulus condition 
other stimulus condition at least s 
native stimulus conditions, marked 
altogether and comparisons confined to 

e 
Stimulation Comparisons 


Binocular y. monocular Condition ı with condition 4 


Intra retinal v. inter retinal » 2 » » 4 
Same field v. different field (monocular) 33 4 » » 6 
ET ae » (binocular) » 2 » » 8 


Each of these comparisons should be made at least four times, the 
order of the comparisons being randomised differently for different 
subjects, 
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Results. 
TABLE IV. Number of judgements of phi as most pronounced 


í \ 
Intra Inter | Same | Diff. 


| ecw 
| Binocular | Monagilar | retinal retinal | field | field 


Trial I | l 
2 | 
3 


4 
ett: 


| 
| 
| 


From this table the relative strength of phi under the various con- 
ditions may be assessed. These findings should then be compared 
with the data on time ranges recorded for the same stimulus condi- 
tions. Suitable tests of significance may be applied if necessary (e.g. 
using the class results the degree of agreement between subjects 
might be tested by finding the coefficient of concordance for the 
different stimulus condition rank orders provided by the individual 
subjects). 

In addition to these quantitative analyses a summary should be 
made of the subject’s spontaneous comments throughout the ex- 
periment. In particular it should be ascertained whether or not the 
subject perceived an after image of the stimulus lights and/or the 
apparent movement. 

Conclusion. In the light of all the data analysed conclusions should 
be drawn regarding the possible role of central and retinal processes 
in the elaboration of apparent movement. 


Further theorizing should be postponed until completion of the 
next experiment. 


EXPERIMENT Ic 


Whereas the foregoing experiménts have been concerned with what 
for convenience’ sake may be described as ‘peripheral parameters of 
the phi phenomenon the present one carries the investigation one 
stage further by enquiring into the effect of certain central deter- 
minants, ` 

In the main it is concerned with the general hypothesis that in 
common with other perceptual experience phi phenomenon is sub- 
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ject to influence by such factors as past experience and emotional 
state. Compatible with this hypothesis it will also be demonstrated 
that phi cannot be explained in terms of eye movements. 

Method and apparatus. The experiment will be conducted in two 
stages. In the first, phi in a meaningful context will be compared with 
that in a context devoid of meaning. 

In the second stage anxiety ratings will be taken for the subjects 
concerned. 

The apparatus consists of a metal or hardboard disc 24 inches in 
diameter painted black and driven by a motor whose speed can 
be controlled by a variac or governor. (Ifsuch a motor is not available 
an ordinary gramophone motor and turntable will suffice.) 
= Cam trigger for 
2) Stroboscope 


Stroboscope 


White cardboard. 


Black disc 


Lamp 


FIG. 2-4. 


llowing figures cut out of 


The stimulus material consists of the fo 
h clips or Sellotape. 


white cardboard and fastened to the disc wit 


FIG. 2-5. 
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On the main motor shaft that carries the wheel two small cams 
should be fixed so that each half revolution of the wheel ‘makes’ a 
switch contact in series with a stroboscope (a tungsten lamp may be 
used if necessary, though less satisfactory at high speeds). 

Set up in this way and operated in a dark room the apparatus will 
provide a most compelling double phi phenomenon for every flash 
of the synchronized light source. (With a 24-inch disc it may be 
demonstrated to quite a large group of subjects.) 

Procedure. The subject is seated in a dark room two yards from and 
facing the stimulus disc. The experimenter fixes to this disc one of the 
stimulus figure pairs and sets the disc rotating at a slow speed. The 
subject is instructed to fixate the knob at the centre of the disc and to 
report upon his perception of the stimulus figures to right and left of 
the fixation mark. At slow speeds each will be seen as two figures that 
alternate with each flash of the lamp. The speed is then gradually in- 
creased and the subject asked to indicate when he sees a single 
moving figure on each side of the fixation point. Thus, the lower phi 
threshold should be recorded by the experimenter in terms of flash 
rate or disc speed. (Readings may be taken either from the strobo- 
scope dial or from a tachometer on the disc motor. An even simpler 
though more laborious procedure is to count the r.p.m. of the disc 
using a stop-watch.) 

During the speed (time interval) range over which phi is experi- 
enced the subject should be asked to indicate upon which side of the 
fixation point apparent movement is most pronounced, i.e. whether 
in the case of the human figure the arm and leg movements are 
greatest when the figure is the right way up or when it is upside down. 

The speed is then further increased and the subject asked to say 
when he no longer perceives movement and sees instead a single 
composite figure either side of the fixation point. In the case of the 
Müller-Lyer figures the composite figures will both appear like this. 


£ % 


For the human figure they will look like this. 
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Again the experimenter should record the speed at the transition 
point. 

The speed is then increased still further and then gradually de- 
creased. By this application of the method of limits, the experimenter 
is able to obtain measures of, respectively, the upper and lower phi 
thresholds. 

This whole procedure is then repeated at least twice for each of the 
other pairs of stimulus figures. The order of presentation of the three 
different pairs should be random and differ from subject to subject. 
During each trial the subject should be asked to say whether the 
impression of movement is greater or less than that observed on the 
previous trial with different stimulus figures. To control against place 
error the relative positions of the two stimulus figures in each pair 
should be varied from trial to trial. 

At the conclusion of the experiment all subjects $ 
anxiety on the Taylor scale, or some similar test. 

Results, The four hypotheses under test — that eye movements 


cannot account for the phi phenomenon, that phi is sensitive to the 
same organizational principles which govern the normal static 
Miiller-Lyer illusion, that the meaningfulness of the context in which 

d that the tendency to perceive 


Phi occurs will determine its extent an 

phi is inversely related to the anxiety level of the subject - may be 

examined as follows. 
Eye movements. For our present purposes it is sufficient here to 

record the number of times that the subject reports simultaneous 

movement of the figures on either side of the fixation point. Since the 

movement on one side of the fixation point is always in the reverse 


direction from that occurring on the other, simultaneous perception 
of the two militates against the eye „movement hypothesis. Over all 
f reports of simultaneous 


subjects the significance of the frequency © 


Movement can be found by the sign test. are N 
Miiller-Lyer illusion: in the normal Miiller-Lyer illusion the line 


with outspread arrow ends appears longer than that with infolded 
arrow ends. 

If the same organizational principles apply in the context of ap- , 
parent movement the subject should report a single line which with 
moving arrow ends appears to stretch and contract Iike a piece of 
elastic, How often this occurs and the speed range over which it 
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occurs should be recorded by each subject. The significance of the 
ratio of subjects reporting this illusion can be arrived at by applying 
the sign test. 

The effect of context. If phi is subject to the same sort of experi- 
ential factors as govern most other perceptual phenomena then we 
would expect it to be more pronounced in a context wherein from 
past experience we might expect movement to occur than in one 
without any a priori reason for expecting to perceive movement. In 
the present experiment this general view may be tested in the form of 
two specific hypotheses. The first is that movement for the limbs of 
the human figure will be more pronounced when the figure is the 
right way up than when it is upside down. The second is that the 
movement of the limbs in isolation will appear less than when they 
are attached to a head and body. 


For an investigation of these hypotheses entries should be made in 
the following table: 


TABLE V. Judgements of greater movement for simultaneously 
perceived figures 


Subject Right way up figure Upside down figure 


AnhWN 


etc. 
Total 


Since each figure appears equally often on either side of the fix- 
ation point the significance of these results may be found by the sign 
test. 

In this table speed ranges constitute the differences between the 
means of the upper and the lower threshold for each pair of figures. 
They are of course directly related to the time interval ranges between 
successive presentations of any given stimulus figure. On the assump- 
tion that the greater the time interval range over which it is seen the 
stronger the illusion, examine the rank order of variables for con- 
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TABLE VI. Judgements of greater movement based on successive 
paired comparisons 


Subject | Limbs of human figures Limbs in isolation 


etc, 
Total 


Again test for significance by using the sign test. 


TABLE VII. Speed ranges over which phi phenomenon experienced 


I | I | II 
Subject Limbs on human | Limbs in isolation | Müller-Lyer 
| figure | illusion 
I | | | 
2 | 
3 | | 
4 | | 
5 | | 
6 } 1 
etc. | | | 
Total | | | 


uence of the three condi- 


Sistency b jects and relative infl 
— maea be applied where deemed 


tions. Appropriate tests of significance may 
Necessary, 

The hypothesis that the tendency to perceive phi decreases as a 
function of anxiety may be tested by correlating the mean of scores 
in columns 1, 2 and 3 of Table VII for each subject with his nr 
Tating on the Taylor Scale. Further tests of a like nature may nn n 
ried out on the data in Table VII to find out whether H cr a 
anxiety on phi is differentially“ affected by the context ia which p 
Perceived to occur. 
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General conclusion. Considered in toto the three preceding experi- 
ments should enable conclusions to be drawn regarding (a) the validity 
of Korte’s laws, (b) the role of the peripheral as opposed to central 
determinants of phi, (c) the part played by experiential as opposed to 
Gestalt factors in the perception of phi, and (d) the role of anxiety. 

In the light of all these data the student should attempt a dis- 
cussion of the phi phenomenon in its relation to Gestalt theory, to 
empiricist theories of perception, to directed state theory, and to 
Brunswik’s theory of probabilistic functionalism. The latter is of 
course particularly relevant to such findings as the differential in phi 


strength between the upside down and right way up depictions of the 
human figure. 


EXPERIMENT II. PERCEPTUAL CONSTANCIES 


Introduction. There is perhaps no single aspect of perceptual exper- 
ience which has received more attention by experimental psychol- 
ogists during the last twenty-five years than that of the so-called 
perceptual constancies. This remarkable interest in the phenomena 
concerned may be traced back to an old and from a present point of 
view surprising assumption, namely that conscious experience should 
faithfully replicate in certain respects events at the peripheral recep- 
tor. Generally the problem of constancy has been that of explaining 
how it is that the attributes of size, shape, colour and brightness of 
perceived objects remain apparently unchanged despite variations in 
the peripheral stimulation whereby their perception is mediated. 

A second factor in promoting an interest in the perceptual con- 
stancies is that, like the phenomena of apparent movement, they 
formed much of the subject matter of the old and sterile nativist/ 
empiricist controversy. This controversy centred about the question 
as to whether the perception of a stable, three-dimensional world, 
located in depth and filled by ovjects with relatively constant and 
unchanging attributes, is learned. Or, being unlearnt, follows from 
certain principles of organization built into the human nervous 
system. 

Whatever the reasons for its inception, and however meaningless 
the above coutroversy, research into the constancies has in fact 
yielded much information of the greatest relevance to an under- 
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standing of perceptual mechanisms, the most important piece of in- 
formation being that we perceive not merely objects but objects in a 
spatio-temporal context, wherein the observer (a) ‘knows’ the 
relationship between the appearance of things apprehended and 
their stimulus context, (b) assumes a constancy for the objects in 
these relationships and the capacity for lawful change for the stimulus 
conditions, and (c) has a nervous system so constructed as to main- 
tain in conscious experience a constant adjustment of the former for 
every variation in the latter. 

These three considerations define respectively the problems investi- 
gated by those interested in perceptual constancies. On the first 
problem, that of knowing object/stimulus condition relationships, 
three views have been expressed. The first, that ‘knowing’ is some- 
thing built into the nervous system, is the prerogative of the Gestalt 
school. According to this view, things ‘look as they look’ (Koffka) 
not because ‘they are what they are’ but because the inherent dy- 
namics of the nervous system organize sense data in ways which 
result phenomenally in stable, change resistant entities. It happens 
that these phenomenal resultants of extrinsic and intrinsic forces 
will be of high value from a functional manipulative point of view. 
The second or empiricist view has been stated in several different 
ways, the differences here relating largely to the place of the emphasis 
in designating experiential factors as determinants of constancy. 
Thus those favouring the ‘transactional’ approach (Ittelson, 
Kilpatrick, Cantril) lay particular emphasis upon assumptons 
derived from a ‘weighted average’ of previous experiences and 
Present stimulus conditions. Yet others have stressed the importance 
of knowing the identity and hence ‘real’ attributes of the object per- 
ceived. In one recent experiment (McKennell 1960) for example, it 
was found that people could estimate the size of an object at a dis- 
tance just as well by memory as if they actually looked at the object. 
Over against this, however, Hochberg and Hochberg (1952) have 
demonstrated an inability on the part of their subjects to locate at 
appropriately different distances two monocularly presented equi- 
Sized pictures of a man and boy, i.e. objects known a priori to be of 
different sizes. However, while this has been taken to contravert,the 
Previous hypothesis it should be borne in mind that fnemory for the 
Sizes of objects does not bear any necessary relationship to memory 
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for pictures of objects. It could well be that our culturally determined 
and enthusiastic preoccupation with recording, painting and photo- 
graphing humans during their growing years has resulted in pictures 
of children that are, if anything, larger rather than smaller than those 
of adults. 

Yet another way of regarding the effect of experience upon per- 
ceptual judgement is that suggested by Vernon (1957). She attaches 
great importance to ‘inferential thinking’ based upon schematically 
organized knowledge. Like Brunswik’s (1950) implicit logic of per- 
ceptual quasi-influence this type of thinking, according to Vernon, 
differs from more complex forms of thought, in being ‘partially 
intuitive and even non-veridical’, a rapid, rough and ready, often 
unconscious classification of the immediate percept into some pre- 
viously established category of experience. The degree to which such 
processes underlie the ‘adjustive’ responses observed in constancy 
experiments will, as Vernon herself points out, depend upon whether 
the subject is giving so-called ‘naive’ object judgements or more 
analytical sensory judgements. In the latter eventuality, for example, 
the subject’s responses would depend less upon inference than upon, 
in the case of size constancy, an estimation of the angular segment 
that the object subtends of the eye. Which type of judgement will be 
involved will itself depend upon such factors as the experimental 
instructions, the nature of the situation in which judgements are 
required (Gilinsky 1955), and the habitual mode of response that 
the individual because of, say, age or profession tends to adopt. 

In this context special mention should be made of recent work by 
Joynson (1958, 1960). In an attempt to reconcile the apparently 
divergent views of the early Associationists and the Gestalt school, 
Joynson has verified the existence of two sorts of perceptual judge- 
ment in size constancy experiments and established the conditions 
under which they are likely to occur. It seems that whether people 
make (high constancy) ‘real’ judgements or (low constancy) “as 
things just look’ judgements depends very largely upon the angular 
separation between the objects compared. Moreover the everyday 
‘real’ judgement response in which people judge size, having taken 
distance into account, thereby achieving a high degree of constancy, 
is not, as the Gestaltists maintained, an immediate perceptual 
experience, nor as the Associationists thought wholely the result of 
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past experience, but rather an activity combining both past and 
present experience. 

On the other hand the less usual ‘not real’ or ‘as things just look’ 
judgement which is made in terms of relative retinal image sizes 
seems, from Joynson’s subjects, to be a more passive response in- 
volving ‘sheer eyesight’ or ‘mere appearance’. As might be expected 
this sort of response in which distance has to be ignored is easiest 
with simultaneous comparisons at low angles of separation between 
the objects concerned. 

Finally in this brief exposition of different approaches there is that 
favoured by Gibson. Gibson’s most important contribution to the 
psychology of the constancies is that he draws attention to those 
retinal correlates of the total stimulus field by which the essential 
cues of distance, orientation and illumination are mediated. Accord- 
ing to Gibson such cues as texture, gradient of intervening ground, 
surface structure, abrupt transitions between one surface and 
another, and light-dark relationships in the mosaic visual field, pro- 
vide the data upon which the visual world of constant objects is 
based. While appearing very different, Gibson’s views and those 
expressed by Vernon are not in fact mutually exclusive. To gen- 
eralize, the former would seem to explain the similarities, the latter 
the differences, between the perceptual experiences of different in- 
dividuals. 

Within the context of these differing theoretical viewpoints, the 
role of both stimulus and observer variables has been studied exten- 
sively. (In recent years particular attention has been given to a re- 
analysis of the invariance hypothesis. This hypothesis is based upon 
the known relationship between physical size, distance and visual 
angle. It argues mistakenly that what is true physically must also be 
true psychologically, i.e. that size constancy results from the (in- 
variant) relationship between apparent size and apparent distance. 
For a detailed discussion of this p-oblem the reader is referred to 
Visual Space Perception by W. H. Ittelson, 1960.) ; 

Since shortage of space forbids a review of these many and varied 
Studies, the student is referred to the following abbreviated directory. 
Though not exhaustive, it includes a selection by the writer of what 
he believes to be the key experiments and, in additioa, a number of 
reviews through which other studies may be traced. 
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Size 
Thouless 1931 
Woodburne 1934 
Martin & Pickford 1938 
Holway & Boring 1941 
Gilinsky 1951 
Hochberg & Hochberg 1952-3 
Ittelson 1952-3 
Ittelson & Kilpatrick 1952 
Gruber 1954 
Gogel, Hartman & Harker 1957 
Rump 1960 
Oldfield 1960 


Taylor & Boring 1942 
Boring 1943 

Dadourian 1946 

Leibowitz & Hartman 1959 


Joynson 1949 

Joynson 1958 

Joynson 1960 

Hastorf 1952 

Hochberg & Hochberg 1952-3 
Bolles & Bailey 1956 

Vernon 1957 

Jenkin & Hyman 1959 
McKennell 1960 


Weber & Bicknall 1935 

Beyrl 1936 

Sheehan 1938 

Leibowitz, Bussey & McGuire 1957 


Brunswik 1944 
Brunswik 1956 
Dukes 1951 
Brown 1954 


Hermans 1954 
Roelfs & Zeeman 1957 


Heinemann, Tulving & Nachmias 1959 


Gregory, Wallace & Campbell 1959 
Whiteside & Campbell 1959 
Oldfield 1960 


Thouless 1932 
Holaday 1933 
Henneman 1935 
Locke 1938 
Sheehan 1938 
McKennell 1960 


Köhler 1915 
Beyrl 1926 
Burzlaff 1931 
Thouless 1933 
Beveridge 1935 
Locke 1937 
Brunswik & Cruickshank 1937 
Piaget & Lambercier 1942- 
Piaget 1945-6 
Dukes 1951 


I 
Shape 
Thouless 1931 
Ames 1946 
Eissler 1933 
Sheehan 1938 
Stavrianos 1945 
Size/distance relationship Blimpinger 2053 
Buytendijk, Van 
Ratingen 1951 


Makino 1950 
Gottheil, Edward 
& Bitterman 

1951 
Moon illusion 


Central factors, attitude, 
suggestion, familiarity, and 
cognitive inference 


Stimulus object 
differences 


Situational factors 


factors; convergence, pupil 
size, monocular versus 
binocular viewing 


Changes in viewing position, 


angular and radial accelera- 
tion, formulae for size constancy 


Inaividual differences 


Comparative studies - child 
and animal 


} 
| 
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Colour and Brightness 


Phenomenal re; i i 
0 gression Hering 1905 
Rotating trapezoid Jaensch & Miller 1920 
Gelb 1930 
<ardos 1934 
Wallach 1948 


Regression /orientation 
relationship 


Cramer 1 
Constancy of an Granit 126 
unse Katona 1929 
Macleod 1932 
Henneman 1935 
Helson 1938 
Macleod 1940 


Methodology 


Hsia 1934 
Macleod 1947 
Wallach 1945 


Helson 1938 
Helson 1943 
Wallach & Galloway 1946 
Stewart 1959 


Katz & Révész 1921 
Burkamp 1923 
Gotz 1926 
Brunswik 1929 
Burzlaff 1931 


Hering 1905 
Adams 1923 
Katz 1935 
Duncker 1939 


Bruner, Postman & Rodrigues 1951 
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The present experiment. While very many experiments have been 
done to establish the essential variables in the occurrence of constancy 
phenomena, they have for the most part concerned themselves each 
with only one type of perceptual constancy. Though admirable from 
the point of view of simplification, this procedure has necessarily in- 
volved situations which depart considerably from those encountered 
in normal day-to-day perceptual experience. Constancy for size, 
shape, colour and brightness does not occur as a number of separate 
events but as a single unifying experience. Despite the fact that we 
experience a world of objects whose retinal images vary continuously 
along dimensions of size, shape and brightness, so in our awareness 
of these objects do they tend to remain unchanging in all these three 
respects. For this reason it has been thought advisable to introduce 
an experimental approach to the subject of constancies by outlining 
an investigation which it is felt approximates more closely to the real 
life situation. The crux of this experiment will be that the subject is 
required not merely to match for size or shape a variable and a 
standard stimulus patch, but to select from a given set of possible ob- 
jects varying continuously within limits along the essential dimen- 
sions that which he thinks most nearly identical to a given object 
having certain attributes of size, shape and brightness. Though it is 
not easy to compare, on a quantifiable basis, degrees of constancy 
along different dimensions, such an experiment should provide a 
demonstration of what is involved in the three aspects of constancy 
and also an indication of the relative importance and accuracy of the 
three sorts of constancy judgement which the subject will be re- 
quired to give. 

Hypothesis. (1) In adjusting a variable object to match a given 
standard object, under different, conditions of distance, orientation 
and illumination, S will show a tendency to select a variable object 
having the same size, shape and brightness as the standard. (2) Con- 
stancy will be greatest for size, léss so for shape and least of all for 
brightness. (3) In respect of shape and size, constancy will be greater 
for a previously experienced meaningful standard object than for 
one devoid of particular meaning. (4) Constancy in respect of all 
three dimensions-will be greater when S receives cues as to distance, 
orientation and illumination than when these are denied. 

Apparatus and method. The major problem in research of this kind 

112 


PERCEPTION 


is that of devising variable and standard objects which can be 
changed continuously along all three of the continua with which we 


are concerned. 
To this end, the writer has found the following apparatus of 


considerable value: 


VARIAC SWITCH 


fae 


Standard Variable hole 
in rubber sheet 


stimulus patch 


Frosted glass screen 
behind rubber 


VARIAC 


SWITCH 


POWER SUPPLY 


Fic. 2-6. 


< 5 x 5 inches, each with 


It consists of two rectangular boxes 36 > : 
ture which 


doors at either end. Each door contains a circular aper 1 

may be plugged with a cork. The boxes or alleys contain a longi- 

tudinal slide, carrying the two test objects such that these may be 

Positioned independently at any given distance down the box. On 

the standard side the test object consists of a square of opaque rubber 

Containing a central hole the size of a penny. The rubber is kept 
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permanently stretched within a wooden frame that may be rotated 
on its vertical axis as well as shifted back and forth in the alley. 
Behind the rubber is a sheet of frosted glass and behind this two 
lamps fitted in the far corners of the box. The arrangements on the 
‘variable’ side are much the same except that the sheet of rubber 
containing the test hole may be stretched differentially in two 
directions. This vertical and horizontal stretching which is achieved 
by two control knobs on the outside of the box enables the size 
of the central aperture to be varied continuously for both size 
and shape. As with the standard, the variable test patch (or hole) 
is backed by frosted glass illuminated from the rear by a pair of 
lamps. 

In front of both the test objects are placed two further pairs of 
lamps. The brightness of all four pairs of lamps may be indepen- 
dently controlled by four variacs. 

To measure constancy for size, shape and brightness the standard 
test object is held constant at a certain distance down the alley and 
turned out of the fronto-parallel plane by a given number of degrees. 
The door behind the test patch is closed and the lights behind it 
adjusted to give the patch a certain level of luminance. The door at 
the other end of the alley is opened and the lights in front of the test 
patch set to give a certain level of illumination. In the other alley 
the variable test patch is set in the fronto-parallel plane but at a 
different distance down the alley from the standard. As with the 
standard, the rear door is closed and the front door opened. The 
general level of illumination is set at a value different from that falling 
on the standard. Under these conditions the subject’s task is to 
adjust the size, shape and brightness of the variable patch until it is 
phenomenally equal to the standard. The fact that the apparatus is 
symmetrical, having doors at both ends, means that the whole thing 
can be turned round, thus changing the spatial relationship of the 
standard and variable stimulus patches. Finally the small circular 
apertures in each of the doors enable constancy measures to be 
taken under reduced cue conditions. 

„Procedure. The subject is seated with his head on a chin rest, and 
his eyes on a level with, and some convenient distance from, the 
front doors of the box. The standard stimulus patch is set at 45 
degrees to the fronto-parallel plane and 18 inches from the front of 
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the box. The illumination of the standard is set at x* log foot 
lamberts (as previously calibrated on the variac and its luminance at 
y log foot lamberts). 

The variable is set in the fronto-parallel plane 30 inches from the 
front of the box. Its internal dimensions, as determined by the two 
screwed controls, are set at the extremes of smallness in height and 
width, i.e. it is seen as a disc very much smaller than the standard. 
Its illumination is set at 2 log foot lamberts and its luminance 
minimally low. The subject is given the following instructions. I 
want you to make the figure on the right look exactly like that on the 
left. As you see, it can be altered in size, shape and brightness, by 
operating these three controls until the two figures look identical.’ 

While the S is making the necessary adjustment a note should be 
made of the order in which these are carried out and the total time 
involved. As an example the protocol should be of this order: 


. Increased height of variable 

. Increased width 

- Decreased height 

. Increased height 

. Increased brightness 

. Increased height 

- Decreased brightness 

. Reported finished. Total time 12 minutes. 

e control readings recorded. 


ON AUNURW DN H 


The alleys are then closed and the thre 0 
For the next trial the variable test patch is preset to be maximally 
bright and large, the subject making his adjustments as before. After 
Six such ascending and descending trials the apparatus 15 turned 
Tound and the same procedure carried out with the variable on the 
tight and standard on the left. (Half the subjects should have the 


order of positioning reversed.) This constitutes the basic procedure 
its the entire procedure 


under open cue conditions. If time permi r 
Should be repeated wilt the bi set at different distances, 
Orientations and brightnesses. 

For reduced cue conditions the p. 
now the leading doors are closed and the circ artun 
b * Suitable values should be empirically determined by the inst 

eforehan d; 


rocedure is the same except that 
ular apertures within 
ructor 
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them opened. Half-the subjects tested should have the open cue 
conditions first, the other half the reduced cue conditions. 

To investigate the effect upon size and shape constancy of know- 
ledge of the real size of the standard, a further six ascending and 
descending trials, with variable alternated from right to left, should 
be carried out with a coin substituted for the standard test patch. 
It may be held in place by a smear of photopaste on the frosted glass 
backing to the stimulus patch. For these trials illumination is held 
constant for both standard and variable and the latter set at minimal 
luminance. 


Introspective data should be collected at the conclusion of each 
block of trials. 


Results. With a view to examining our four hypotheses the data 
should be gathered in Table VIII. 

From these data collected over all subjects the experimenter 
should compute the percentage errors (departures from constancy) 
for the three dimensions of the variable under, respectively, the four 
conditions of distance and orientation of the standard. 


Curves as exemplified below should be plotted comparing these 
data with those obtained under reduced cue conditions. 


100p  %---—- x= 2 
Sh a x brightness 
75 oo nn aa” size 
> nel Spo 
= ° Das shape 
--0 S 
= 50 x x. ie 
| III stare 
ost o rg x brightness 
o ER 
ee I a 
o 1 = —i t e 
10% 10% 18” 18° Distance of standard 
45 60° 45° 60° Orientation „ » 
(Broken lines indicate reduced cues) 


Fic. 2-7. 


The data for size and shape constancy under both open and re- 
duced cue conditions should then be compared with those obtained 
when a meaningful object as standard, namely a penny, is substituted 
for the simple test patch. 

When sufficient subjects have been tested, the effect of reducing 


Cues on the ore hand and of using a meaningful object on the other 
should be tested for significance. 
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TABLE VIII. Mean settings of variables for various standards 
under open and reduced cues 


| Open cues 
= | = — 


s v Ss vs vs V 


Distance 18” 30” 10” 30” 18” 30” 10” 30” 
Orientation 45° Fp 45° Fp 60° Fp 60° Fp 
*Illumination 3 2 3 2 3 2 3 2 
Height x” p g I 
Projected width 5” 5 3 ar 
*Luminance |5 5 5 5 
Width/height ratio -5 5 3 3 
Reduced cues 
Distance | 18” 30” 10” 30” 18” 30” 10° 30” 
Orientation 45° Fp 45° Fp 60° Fp 60° Fp 
*Illumination | 3 2 3 2 3 2 3 2 
Height 1” y 1” r 
Projected width | +5” 5” 3 3 
*Luminance | § 5 5 5 
Width/height ratio |, +5 5 3 3 
| Meaningful object 
Distance l 18” 30” 10” 30” 18” 30” 10” 30” 
Orientation | 45° Fp 45° Fp 60° Fp 60° Fp 
*Illumination 3 2 3 Z2 2 8 2 
Height 1” ad 4 1” 
Projected width 5” s” Ei 3 
Width/height ratio | 5 5 3 3 


S = standard; V = variable; Fp = fronto-parallel plane. 
* Any convenient unit. 


Conclusions. In the light of the quantitative data, the procedure 


followed by the subject during the experiment, and his subsequent 
report of introspections, the experimenter should be in a position to 
Consider the four hypotheses upon which the research was based. In 
Particular he should attempt answering the following questions: to 
What extent are the different aspects of object constancy P pig ae 
single perceptual experience ? Are ‘adjustments’ for shapes SR 
and ‘brightness’ executed separately and in order, the subject 
responding first to this set of cues and then to that, or do they all 
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occur together, the’subject just choosing that object most like in all 
respects the real standard. Again to what extent are the various con- 
stancies a function of conscious deliberation and to what extent of 
immediate unconscious inferential processes? And are there in- 
dividual differences in these respects ? 

Inasmuch as this was a first experiment, investigating at one go, if 
in a rather cursory way, all three aspects of perceptual constancy, 
the experimenter should give some thought to (a) interactions 
between the different processes involved (e.g. does the cue of 
reduced illumination which facilitates brightness constancy militate 
against size constancy, because misleading as to the distance of the 


Stimulus figures 


FIG. 2-8. 


variable object?) and (b) ways whereby these interactions may be 
investigated in greater detail. 

Finally, the experimenter should attempt a review of his data in 
the context of previous research, giving amongst other things @ 
critical analysis of the pros and cons of adopting the multi-dimen- 
sional approach advocated here. 

Note. Apropos of the experiment just described it may be thought; 
with some justification, that since size, shape and brightness are 
handled independently of each öther the situation still does no more 
than approximate to that encountered in normal perceptual experi- 
ence. With this in mind the following alternative method might be 
preferred. In this the continuously variable rubber disc is replaced 
by a hand drive canvas belt upon which are fixed in a random order 
a selection ot figures that vary in size, shape and whiteness over 4 
range whose extremes are equidistant either side of the standard. 
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When one is using this apparatus, the procedure iavolves getting the 
subject to select from the large range of possible figures that which 
looks most like’ the standard. In using this method a compromise 
must be achieved between (1) so many figures that selection is long 
and arduous and (2) so few that only the very coarsest constancy 
measurements can be obtained. Over and against its obvious limita- 
tions the method has the considerable advantage of forcing the 
subject to handle all three dimensions simultaneously, thus closely 
imitating the situation that obtains in normal every-day perceptual 
experience, 

Procedure for a group experiment. While investigations of constancy 
phenomena do not in general lend themselves to group experiments 
the following procedure may be adopted where there are insufficient 
pieces of apparatus for individual experiments. The alleys are 
separated from each other, the one being placed some distance 
behind or in front of the other. Differences in illumination are 
obtained by placing a partition between the alleys, thereby screening 
one of them from some main source of illumination. With the leading 
doors open both the standard and variable test patches are brought 
to the front of their respective alleys. 

With the standard at a given size, orientation and brightness the 
experimenter then varies in a predetermined manner the three dimen- 
sions of the variable. Under these conditions the subjects are merely 
required to record for each variation made by the experimenter 
whether the variable looks larger than, smaller than, or equal to the 
Standard; more, less or equally ellipticals and with equal, more or 
less luminance. 

Provided the entries on the subjects’ score cards can be accurately 
matched up with the actual values of the variables fed in by the ex- 
Perimenter then the results may be handled in the same way as for 
the individual experiments. 


EXPERIMENT III. WORD RECOGNITION 
viour the recognition of 


Introduction. As a part of language beha 
t important perceptual 


verbal material is probably man’s single mos 
Experience. ; 
Inasmuch as it involves learning and r 
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processes of percep.ion, and a variety of overt responses, both central 
and autonomic in origin, recognition has been studied in a variety 
of contexts. In many of them the dependent variable is the accuracy 
with which a subject can verbally report upon the nature of verbal 
material under various conditions prescribed by the experimenter. 
The stimulus variables which have been found to affect the recogni- 
tive process are: the context in which the word appears (Bruce 1955)» 
the familiarity of the word (Solomon and Howes 1951), the selective 
information content of the word (King-Ellison), and, of course, the 
duration or intensity of the verbal stimulus. By far the greatest body 
of research in this area has, however, been devoted to yet another 
parameter of the verbal stimulus, its affective aspect. Since the origi- 
nal experiment by Postman, Bruner and McGinnies (1948) a number 
of studies has suggested that the parameter of emotional value exerts 
a considerable influence upon the recognition threshold for a par- 
ticular word. McGinnies (1949), for example, showed that people 
presented with words in a tachistoscope require a significantly longer 
exposure time to report such words as ‘bitch’ and ‘penis’ than they 
did other more neutral words. He showed, moreover, that even prior 
to recognition such tabu words evoked larger galvanic skin responses 
than their control counterparts. Findings such as these gave rise tO 
the concepts of perceptual defence and perceptual vigilance, concepts 
with the theoretical implication that, prior to conscious recognition, 
words are unconsciously recognized and filtered for ease or difficulty 
of recognition, McGinnies’ view being in fact that so called anxiety 
words constitute conditioned stimuli for an avoidance response; and 
that it is the autonomic response which precedes conscious awareness 
that activates the defensive mechanism of raised threshold. This 
theory of perceptual filtering has, however, met with considerable 
Opposition on three counts.* In the first place it has been deemed 
anthropomorphic nonsense (Howie 1952) to imagine that an indi- 
vidual can recognize a word at Gne level so as not to recognize it at 
another. In the second place, it has been maintained (Solomon an 
Howie 1951) that threshold differences attributed to differences in 
the emotionality of the words presented are more parsimoniously 

* For critical‘reviews of experiments on perceptual defence, etc» 
see recent papers by Eriksen (1960) and W. P, Brown (1961), Brit. J- 
Psychol. Monog., 35. 
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explained in terms of differences in familiarity ‘as between neutral 
and tabu words. 

Finally, it has been claimed with some justification (Whittaker and 
Gilchrist 1952, and Postman, Bronson and Gropper 1953) that what 
looks like perceptual defence for a ‘rude’ word is often in fact volun- 
tary suppression of response occasioned by the embarrassment of 
having to utter the word in question. 

Notwithstanding these criticisms, there remains experimental evi- 
dence (Blum 1956; Dixon 19603 McGinnies and Sherman 1952) for 
threshold changes due to the affective nature of the stimulus which 
defy easy explanation by either the familiarity or the suppression 
hypothesis. Before introducing the techniques involved in these in- 
vestigations it is however worth giving a thought to the sort of 
mechanisms involved in threshold regulation. They must have at the 
very least the following attributes: (1) the ability to achieve at least 
partial discrimination of words at a level below that required for full 
conscious recognition, (2) as a result of such discriminations, the 
power to determine in a differential fashion the awareness threshold 
for different classes of words. In an attempt to substantiate the reality 
of such a mechanism Lazarus and McCleary (1951) carried out an 
experiment which suggested that the conditioned G.S.R. could occur 
to nonsense syllables exposed so briefly as to preclude their correct 
verbal report. Though criticized by Howes (1954) on the grounds 
that the results could be attributed to partial recognition of the syl- 
lables, the experiment was important in making explicit the notion 
of a hierarchy of thresholds without which any theory of perceptual 
defence is difficult to sustain. : 

A second experiment with important implications for any theory 
of recognition threshold regulation is one reported by Ulric Neisser 
(1954). This study was primarily concerned with distinguishing the 
Perceptual and overt-response aspects of the recognition process. 
Neisser was able to show that while recent familiarity with selected 
words facilitated their subsequent recognition, it in no way assisted 
recognition of their homonyms. Since verbal response to 4 word is 
identical with that to its homonym the implication of this finding is 
that the familiarity effects reported by Solomon and Howes apply 
directly to the perceptual experience which may be considered in 


isolation from its verbal reporting. 
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While the precise role of central determinants, particularly those 
of an emotive or personality-based kind, remains extremely contro- 
versial the value of the aforementioned studies lies, to quote Osgood 
(1953), ‘not so much in the specific facts they have uncovered but 
rather in the extraordinarily fruitful research ideas they have propa- 
gated: the idea that personality dynamics influence even the simplest 
perceptual activities and can be detected in the controlled conditions 
of classic experiments’. 

Before embarking upon a description of an experiment to illustrate 
a number of the points referred to above, there are however one or 
two considerations worth bearing in mind. In the first place, the 
phenomenon of threshold differentials traceable to differences in 
emotional loading of the stimulus items does not necessarily imply 
either the notion of an autonomic threshold lower than that for con- 
scious awareness nor the notion of a super-sensitive, super-discrimi- 
nating unconscious which having detected the stimulus word ‘decides’ 
whether or not this should be ‘permitted’ entry into consciousness. 
Inasmuch as it is perfectly possible to construct a machine which at 
one level can filter messages for transmission to a higher level on the 
basis of the nature of the messages, it seems equally feasible that the 
hierarchical structure of the nervous system should be capable of this 
function. In the second place, inasmuch as the evidence suggests that 
threshold regulation is a purely statistical effect, the grossest dis- 
criminations of words, likely to be of an emotive kind because they are 
sufficiently similar to certain emotive words, should be enough to account 
for the results recorded to date in perceptual defence experiments. 
This latter view, advanced by Lazarus (1956) and Osgood (1957) 
respectively, has been criticized by Eriksen on the grounds that 
Since certain emotional words differ by only one letter from certain 
neutral words, only the finest of discriminations could distinguish 
between the two. To this there are two answers. First no one has 
yet suggested that people can in fact discriminate between such 
words as Eriksen refers to. Secondly there is evidence (Dixon and 
Boulos 1960)* in support of the gross discrimination hypothesis, tO 
the effect that faced with a disfigured or impoverished and hence only 
partially recognizable word, which in fact resembles an emotional 
word, people will react to it as if it were an emotional word. 

* Unpublished research. 
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A second consideration to bear in mind wheh experimenting in 
this area is that the phenomena of perceptual defence and vigilance 
are no longer completely inexplicable, let alone ‘impossible’, from a 
physiological point of view. Recent work, as reviewed by Samuels 
(1959) on the reticular activating mechanisms of the brain stem, sug- 
gests that there are feedback circuits within the central nervous sys- 
tem whereby it is possible for the cortex to control not only the 
transmission of impulses in sensory relays ‘further downstream’ but 
also its own level of arousal. By such mechanisms it would be theoreti- 
cally possible for ‘messages’ to reach the cortex without awareness by 
the individual concerned and as a result of such reception to either 
block further inputs, or to set its own threshold for their conscious 
recognition. 

Our third consideration refers to a question of methodology for 
research in this area. The point here is that much earlier work was 
to some extent vitiated by use of the tachistoscope. Inasmuch as the 
subject is aware of the stimulus long before he can signify correct 
recognition by verbal report it is difficult to ascertain the extent to 
which ‘pre-recognition’ responses are in fact below the awareness 
threshold. As maintained in an earlier research (Dixon 1958) the 
writer inclines to the view that this difficulty, inherent in the tachisto- 
scopic method, can be overcome by using intensity rather than dura- 
tion of the stimulus as the independent variable in recognition 
studies, By combining this method with that of simultaneous double 
stimulation wherein a verbal stimulus is presented below threshold 
to one eye while a neutral test patch is presented to the other eye, at 
an intensity which can be controlled by the subject, it ’s possible to 
investigate the hypothesis of perceptual defence under conditions less 
equivocal than those used hitherto. » . 

The final point of relevance to our demonstration experiment con- 
cerns the phenomena of pre-recognition responses. During the course 
of experiments involving the presentation of verbal stimuli on or 
below the recognition threshold several workers (McGinnies 1949; 
Dixon 1958; Goldstein 1960) have noticed a tendency for a semantic 
rather than structural link between pre-recognition guesses and the 
actual stimulus item. The fact that many of these ‘associations’ heve 
a decidedly autistic flavour ‘raises some interesting questions for 
future research, and for perceptual theory in general. For one thing 
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they suggest perhaps that the genesis of a perception parallels that 
of thinking in that the final product owes as much to suppression of 
distant associates as to the formulation of what is consciously selected 
and intended. Fisher’s (1954) finding that the non-reported part of 
tachistoscopically presented pictures reappeared as a part of subse- 
quent dream symbolism would seem well in line with this speculation. 

The foregoing outline of work and methodology applied to the 
study of recognitive processes embraces much that features in the 
following experiment. As with the two previous experiments des- 
cribed in this chapter, this investigation for the laboratory class is 
intended primarily as a demonstration of what is involved in verbal 
recognition and, secondly, for the collection of data on the essential 
parameters. 

The experiment. Hypotheses. 1. The recognition threshold for verbal 
material will (a) vary inversely with the familiarity of the stimulus 
items; (b) vary directly with the selective information content of the 
stimulus items; (c) be significantly higher or lower for items that are 
emotionally loaded. 

2. The difference threshold for a neutral test patch presented to 
one eye will vary as a function of the emotionality of words presented 
below threshold to the other eye. 

3. Responses given before the correct one will be meaningfully 
related to the words presented. 

Apparatus. The apparatus is easily adapted from that used in the 
preceding experiment. It consists of two alleys containing movable 
lamps which can be brought forward by the subject. Between the 
lamps and the end of the alleys are two slide holders, and in front of 
these two frosted glass screens. These latter are divided into four 
quadrants in any one of which the test patch can be presented. 

General method. For the hypotheses I and III the method involves 
recording S’s responses regarding the nature of stimulus material in 
one of the slide holders while the appropriate lamp is brought gradu- 
ally nearer the front of the box. The advantage of using this method 
of intensity control is that it avoids the complication of filters while 
at the same time, unlike variac controls, maintaining relatively un“ 
changed the spectral composition of the light incident at the glass 
screens. Gross intensity changes may ‘likewise be obtained by sub- 
stituting lamps of higher or lower wattage. 
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For hypothesis II the method involves meastrement of the least 
light intensity required by the subject to see a test patch exposed to 
one eye while different sorts of stimulus material are presented above 
and below threshold to the other eye. 

For all three hypotheses, the stimulus material should be photo- 
graphed on 35-mm film or typed on to translucent paper. 

It is, of course, apropos of the stimulus material to be used that 
any investigation involving meaning or content as an independent 
variable runs into its greatest difficulty, that of adequate quantifica- 
tion of the crucial attributes of meaning. In the present experiment 
the crucial attributes are of course familiarity and emotionality. 
Faced with this problem there are in fact three ways of handling the 
selection of stimulus material, each being at best a compromise. First, 
we could select actual words quantified for familiarity and emotion- 
ality on the basis of (1) a statistical analysis of the language for the 
former, and (2) a set of general beliefs regarding the latter. A snag 
here is of course that those very words which one feels intuitively are 
most certain to be universally emotional tend not to appear in word 
frequency counts. A second method would be to ascertain for each 
subject by means of say word association tests those particular words 
which for him are emotionally toned, words which, sufficiently 
common to appear in frequency counts, may then be matched with 
neutral words of the same length and frequency. Finally, a quite dif- 
ferent approach is that of using nonsense syllables or paralogs, some 
of which have been previously associated with some unpleasant 
emotional experience such as electric shock. This using of hitherto 
unfamiliar items as conditioned stimuli for an emotional response 
enables perfect control of the familiarity and emotionality variables 
but being a somewhat artificial situation provides at the best only the 
most indirect evidence for the nature of normal recognitive processes. 

In the following experiment we propose adopting a compromuse 
between the first two methods. The experimenter selects words that 
he regards as emotionally toned, with neutral control words of the 
same frequency, and subsequently checks with the subject regard- 
ing the actual familiarity and emotionality of the words that were 
used, 

For the subsidiary hypot 
tent we are forced to use the third method or paralo; 
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by this means that seiective information as defined by Shannon (1949) 
can be accurately quantified. 

Procedure. Part I. Using the Thorndike-Lorge word count the 
experimenter should prepare a list of ten five-lettered emotionally 
toned words varying in frequency from very rare to common. For 
each of these he should select a neutral counterpart of the same length 
and frequency. A typical pair might be: 


Emotional category Neutral category 
‘Cancer’ ‘Divers’ 


Each of these words should be written, or better still typed, on a 
rectangle of translucent paper suitable for insertion into the slide 
holders. The total set of twenty stimulus items should be arranged 
in a random order and entered in the same order upon a data sheet 
on which the experimenter will record pre-recognition ‘guesses’ and 
recognition threshold intensities. A similar list of randomly selected 
positions for the test patch should also be prepared. Using any five- 
lettered word not on the above list the experimenter should then 
ascertain, roughly, the subject’s recognition threshold, so adjusting 
the lamp wattage that the threshold point occurs when the lamp is 
approximately half-way along the alley. This same procedure should 
be carried out for the test patch in the other alley. This patch con- 
sists of a pin-hole placed off centre in an otherwise opaque card in- 
serted in the other slide holder. By inserting layers of translucent 
paper against the patch in the same holder the experimenter should 
so arrange the intensity of the test patch that the subject can just see 
it when the !amp is half-way along the alley. In which of the four 
randomly selected quadrants the patch appears on any one trial is of 
course determined by the orientation of the slide in its holder. In 
both alleys calibration of the lamp moving mechanism should be 
carried out by photometer readings at the point of maximum illu- 
mination followed by application of the inverse square law which 
states that illumination of a surface is an inverse function of its dis- 
tance, squared, from the light source. 

Both lamps are then set at their furthest distance from the tw 
screens and the subject given the following instructions: “Every time 
I say “now” I want you to guess regarding the word which I shall 
present, at a very low intensity, to your right eye. If you find it diffi- 
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cult to make a guess just say the first word that comes to mind having 
looked down the alley. At the same time I want you to tell me when 
you can first see the spot of light which I shall present to your other 
eye.’ The first slide is then put in the holder. The experimenter says 
‘Now’ and records the time that elapses between this signal and the 
subject’s response. He then increases the intensity of the test patch 
and records the point at which the subject reports correctly upon its 
location in one of the four quadrants marked on the screen. The light 
in the alley containing the verbal stimulus is then advanced one unit 
on the distance scale (the ideal distance for each step to be found by 
a pilot experiment) and the procedure repeated as before, the test 
patch being adjusted on each trial to threshold intensity from values 
above and below this point. The entire cycle of events is repeated 
until such time as S recognizes the word, taking as a criterion the 
correct reporting of it on three successive responses. The whole pro- 
cedure is repeated for all the words. 

The next stage of this experiment is devoted to ascertaining the 
S’s estimation of the relative familiarity and emotionality for him of 
the stimulus items, A quick procedure here would be to require him 
to rank the words in order for (a) ‘the frequency with which he thinks 
he encounters them in reading’ and (b) ‘the degree to which he finds 
them productive of unpleasant emotion’. A better though more 
lengthy procedure would be to use the method of paired comparisons 
wherein each word is compared with every other according to the 
criteria contained in the instructions.* 

In the final stage of this part of the investigation the experimenter 
should attempt to find out whether or not the pre-recogaition hypo- 
theses are causally related, either in structure or from a semantic point 
of view, to the stimulus items whese conscious apprehension they 
Preceded. Since the responses were in fact verbalized rather ‘than 
written, the best matching procedure would be to read the subject’s 
responses back to him in random order while he calls out the number 
of that stimulus item (from a prepared randomized list of the latter) 
which he associates most strongly with the word in question. The 
idea of assigning numbers to the stimulus items is merely to control 
t that his judgements should 


* It is important to stress to the subjec ji ts 
difficulty in recognizing the 


be in no way influenced by his ease or 
words, 
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against the possibility of the subject avoiding report of stimulus 
words which he might find distasteful to utter. 

Subsequently the experimenter should go through the list of 
matches in order to ascertain where possible the reason for their 
occurrence. 

Part II. For the second part of this experiment designed to investi- 
gate the effect of selective information content upon recognition 
threshold, it is suggested that the experimenter follows the proced- 
ure adopted by King-Ellison (1953) wherein the subject’s recognition 
threshold is found for a series of five letter paralogs* whose a priori 
familiarity has been fixed in a pre-test session. According to this 
method the subject is first asked to spell and pronounce a hundred 
paralogs presented each ona separate card. Within this pack of made- 
up words, which the subject is led to believe are foreign, two para- 
logs occur twenty-five times, two occur ten times, two five times, two 
twice, and two once each, thus making a total of 86 words. Fourteen 
dummy words are added to make up the total to a hundred. Within 


a group of subjects each of the experimental words is used at each 
frequency level in a counter-balanced design, 


tion in each pack being random, 
Following the pre-test session the subject reads unrelated material 
for twenty minutes after which his recognition threshold is found for 
four practice paralogs and then the ten experimental items. 

For determining recognition thresholds the experimenter may use 


either a tachistoscope, Proceeding in 30 ms. steps on successive 
exposures from an initial ex: 


he may use the apparatus al 
apparatus the same procedur 
experiment except that now 


the order of presenta- 


only a single alley is used, the subject 
n the point source of light (in the 
experimenter should record pre- 
duration (or intensity) for each 


in a d to find out whether the subject 
aware oft e true purpose of the experiment, whether in fact he 


* a. i 
[ne are given in Dunlap’s list reprinted in Woodworth 
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realized that some of the paralogs were more familiar than others and 
because of this more easily recognized. 


Results. 


TABLE IX. Thresholds for point source and recognition of verbal 
stimulus 


Threshold intensity for point source _ Threshold intensity 


Stimulus : parses ie He 
words | Qt increasing intensities of verbal for recognition of 
stimulus intensity steps \ verbal stimulus 
1234567891 
I | 
2 
3 
4 
E 5 
6 
7 
8 
9 
Io 
I 
N 2 
3 
etc, 


Having collected the data in the above table the experimenter should 


investigate the various hypotheses in the manner outlined below. 

1. Effect of familiarity on recognition threshold: (a) curves should 
be plotted showing recognition thresholds as a function of frequency 
ratings on the Thorndike count, and as a function of the subject’s 
ratings; (b) the significance of such relationships as are observed 
should be tested by computing rank correlation coefficients. 

2. Effect of ‘emotionality’ of stimulus items upon the awareness 
and recognition thresholds: As in the case of ‘familiarity’, curves 
Should be plotted showing the relationship between emotionality 
and: (a) recognition thresholds; (b) mean of awareness (point source) 
thresholds; (c) response times. f 

In addition, curves should be plotted to show changes in the 
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s threshold as a function of intensity changes below the 
ee threshold. One such curve would be for the mean of all 
he contin words at each intensity or the = for the mean at 

i sity levels, of all the neutral words. 
an use the ‘t’ test for related means may pa 
used to ascertain the significance of differences in both ea 
and recognition thresholds as between the two sorts of stimulus 
material, ; . 

If material below the awareness threshold, as a function of its 
emotional import, affects the threshold, we should expect differences 
in the latter, as between emotional and neutral words, to increase 
with increments of stimulus intensity. This again may be tested by 
application of a suitable rank correlation test. . 

3. Pre-recognition ‘guesses’: the hypothesis that pre-recognition 
‘guesses’ are in fact determined by the below threshold stimulus item 
may be tested by applying Stevens’ test (1939) to the matchings made 
by the subject at the conclusion of the first part of the experiment. 
In addition to this Statistical test, the experimenter should attempt 
a qualitative analysis of the subject’s responses to determine, if pos- 
sible, whether the link between stimulus and response is structural 


or semantic, and whether or not there is any difference between 
‘emotional’ and ‘neutral’ Stimulus words in their effect upon pre- 
recognition ‘guesses’, 


4. Effect of selective information content of stimulus on recogni- 
tion threshold: Part I 


I of the experiment was designed to investigate 
the effect of‘ amiliarity’ in the Special context 


ability of occurrence of a 


caver (1949), MacKay’s paper 
“In-Search of Bagic Symbols’ in the Josi aay: mn 


d Applications of Info; 
1959), 
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the organism as a communication channel. In the present contest ‘if’. 
to quote King-Ellison, Í 


the perception situation is considered as a communication channel 
through which symbols are being transmitted to the subject, as a 
destination, the known prior frequency of these symbols may be 
tested as an index of the amount of ‘information’ they convey. A 
highly frequent symbol (one which has a high probability of occur- 
rence) conveys very little ‘information’, that is to say it is highly 
predictable. An infrequent symbol conversely conveys a great deal 
of ‘information’. This may be expressed as the number of binary 
choices necessary to select the symbol by the formula 
H = — log: f» 
where ‘p’ is the probability of the symbol. When this is done we 


may represent each frequency class by a figure showing the amount 


of ‘information’ which is attached to a member of that class. 


Applying these principles to our present data the experimenter 
should complete the following table in which the frequencies of the 
aan stimulus items have been transformed into ‘bits of informa- 
ion’, 

TABLE X 


Amount of Mean exposure time (or 


Paralog pairs Frequency in 
intensity) at recognition 


pre-test information 


I 25 2:00 bits 
2 Io 3:32 bits 
3 5 4°32 bits 
4 2 5°64 bits 
5 I 6-64 bits 


‘bits’ the experimenter should now 
the relationship we should 
el, threshold values increase 
f information being trans- 


By plotting threshold against 
test the hypothesis that, according to 
expect to find in a communication chann 
linearly with increases in the amount © 
mitted, 


ainine carefull 
ased, drawing 


DISCUSSION 


In discussing his results the experimenter should ex 
the four hypotheses upon which the research was b 
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conclusions as far ás he is able regarding the effect upon recognition 
of the different variables investigated. 

He should furthermore consider his results in the context of the 
perceptual defence controversy, information theory, and the hypo 
thesis of perceptual schemata. 


Finally he should attempt a brief statement upon the nature of the 
recognition process, 


GROUP EXPERIMENT 


Where shortage of apparatus precludes individual experiments, the 
following procedure may be used. A group of subjects is seated 
facing a screen upon which, by rearward projection, words are pr os 
sented at gradually increasing intensity. Above each word is posi- 
tioned a line of dots varying in luminance from well below threshold 
to well above. . 

Within this situation the Subject’s first task is confined to recording 
the number of dots he can See at each increase in intensity of the 
verbal stimulus as signalled by the experimenter. His second task is 
to record pre-recognition guesses for each increment of intensity up 
to that level at which he recognizes each word correctly. 


To control against order effects half the class should have one 
order and the other half another. 
The subse 


quent matching procedure and treatment of results 
should emul 


ate those outlined for the individual experiments. 
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The territory to be explored in this chapter is remembering, that is, 
the mode of ingress of a person’s past into his present activity. This 
territory has not been encharted exhaustively, but even if it had it 
would still be contrary to the purpose of this 
before the reader, (A non- 


(1957), and further referen 


before setting out on these 
briefly at the main achieve- 
dies first penetrated into this 


learning involves the storing away 
ering the bringing of them out of 
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storage for use in the present. It was in the spirit òf this analogy that 
Ebbinghaus (1850-1909) made his pioneering attack. At the present 
time, it is easy to overlook the bold originality embodied in Ebbing- 
haus’ book (1885) which amounted to nothing less than the first 
systematic experimental study of the higher mental processes. 
Ebbinghaus’ approach was akin to that of the physical scientist in its 
use of strictly controlled experimental situations and quantitative 
treatment of results. He committed lists of material to memory and, 
after varying intervals of time, found out how well he could remem- 
ber what he had memorized: he achieved experimental control by 
standardizing the learning procedure (the anticipation method), the 
material to be learned (the nonsense syllable), the remembering pro- 
cedure, and the quantitative assessment of how much had been re- 
membered or forgotten (the saving score). His final contribution was 
twofold. First, he invented methodological tools which have stood 
psychologists in good stead ever since. (Some of these will be used in 
Exp. II. Hilgard (1951) gives detailed descriptions of them and use- 
ful lists of nonsense syllables and other verbal material.) Secondly, 
he employed his experimental techniques to make a number of fac- 
tual discoveries; some concerned memorizing and others, notably 
his ‘forgetting curve’, remembering. His success prompted later 
Psychologists to work within the tradition he established; the out- 
come is a body of knowledge unsurpassed in contemporary psycho- 
logy for its precision and lawfulness. 

However, the path blazed by Ebbinghaus left large tracts of re- 
membering unexplored. It is the advantage of experimental pro- 


cedures that they standardize and control the circumstances under 


which phenomena are observed: it is one of their dangers that they 
characteristic expres- 


So restrict the phenomena as to deny them full 

sion. Remembering does not, for the most part, manifest itself in the 
recalling of memorized nonsense syllable lists but of meaningful past 
experiences. Accordingly, Bartlett (1932) studied the remembering of 
material more representative of ‘real-life’. For example, he gave 
people a short story to read and later asked them to recount it. In 
doing this, he sacrificed some of the precision of the Ebbinghaus ap- 
proach and the interest of his results lay less in the amount remem- 
bered than in its qualitative distortions. (For records of such recall 
performances see Bartlett (1932) and Hunter (1957).) Apart from 
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introducing a mort ‘real-life’ experimental approach, this work re- 
vealed the inadequacy of any simple storehouse conception of mind. 
The person does not passively record the events around him but 
selects from among them, interprets them, and modifies them in 
accordance with his enduring interests and momentary attitudes and 
expectations; nor does he remember by bringing these assimilated 
events out of cold storage but, again, by selecting from among them, 
piecing them together, and modifying them in accordance with atti- 
tude. ‘Remembering is not the re-excitation of innumerable fixed, 
lifeless and fragmentary traces. It is an imaginary reconstruction, or 
construction, built out of the relation of our attitude towards a whole 
active mass of past reactions or experience . . .” (Bartlett 1932, p- 
213). In addition, it is not only in storing them and in unstoring 
them that the person selects and transforms events; in the interven- 
ing interval also, the contents of the storehouse are constantly being 


tearranged under the impact of the person’s ongoing activities (see 
Exp. II). 


A further explorer who broke aw: 


ay from the static storehouse con- 
cept of mind was Koffka 


(1886-1941). Subsequent work has shown 


chaps. X and XI) trav 
Osgood 1953, chap. 13, 
forced recognition of two 
I. Mind is unitary. It is 
since they hardly ever, if at all, exi 
learning, remembering, thinking, 
terms descriptive of aspects of a co 


activity, much as volume and wei 
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covery, through prolonged naturalistic observation, of repressing 
shows the selective nature of remembering at its most impressive, 
shows the potent effect of a set nor to remember. 


OBSERVATIONS ON 
CONTINUOUS CONTROLLED RECALL 


This simple experiment is conducted by a single person who acts as 
both subject and experimenter. It is best done in solitude with about 
twenty minutes devoted to the remembering activity. 

Procedure. The person supplies himself with paper, pencil and a 
watch with a good seconds hand. He decides on any one letter of the 
alphabet, say D, and attempts to recall as many words as he can, each 
beginning with this letter. ‘As the words are recalled, they are written 
at the end of each successive minute, a hori- 
ath the most recently recalled word, This 
called, their order of recall, and the 
period. The procedure is followed 
rformed before reading the 


down in a column and, 
zontal line is drawn bene 
provides a record of the words re 
number recalled in each minute 
for some twenty minutes. It should be pe 
discussion below. 

Results. Examination 0 
and rapidly convince one of th 
most obvious characteristics of which are as follows. 

Performance is not temporally regular. Words do not emerge in a 
Steady stream, e.g. one every five seconds, but in irregular bursts. 

Performance is not confined to ‘pure’ recall. Quite apart from the 
activity of keeping the time check, the subject engages in a variety of 


perceptual and thinking activities. He looks round the room ‘for 


inspiration’, reasons in terms of alphabetical sequences (see ch. 6, 
below), wonders whether this or that word is appropriate, whether he 


recalled it earlier on, whether it is a word at all. , 
Words are not typically recalled at random. While it may be said 


that the subject must have a ‘store’ of, for example, D words, it may 
certainly not be said that he draws from this ‘store’ in the random 
manner of a blindfolded person drawing numbered tickets from a jar. 
There are, in the record, many instances of ‘clustering’, that is, of 
runs of words which are similar to each other in their meaning, sound, 
or in some other wav. The activity of recalling an item facilitates the 
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recall of another iter: which is related to it (relatedness increment) and 
reflects the fact that knowledge is made available in an organized 
rather than a piecemeal fashion. (Elaborate statistical demonstra- 
tions of relatedness increment have been given by Bousfield: his 
1953 paper details some of this work. When people are having diffi- 
culty in recalling a person’s name and they try to help themselves by 
recalling as much as they can about this person - his appearance, 
where they last met, his occupation, his home, etc. — they are exploit- 
ing relatedness increment.) Clustering may occur without the sub- 
ject’s being aware of it at the time: more often, the subject is aware 
that he is producing words of a related kind and that: 

Performance has characteristics of a search. He deliberately sets him- 
self to recall items now of this, now of that category. For example, 
he tries to recall the names of girls, then of towns, of colleagues, 
flowers, Shakespearean characters, animals. He may also set himself 
to work systematically through the alphabet (dab, dac, dad, . . . deb, 
dec, ded,... dib, dic, did... .) thereby producing syllables and 
sounds which may then be either recognized as words in themselves 
or prompt his recalling of related words. (This illustrates the intimate 
interaction of reasoning and recalling and also of recognizing and 
recalling. Remembering often involves reasoning, e.g. a man ‘re- 
members’ that, last year, his wife’s birthday must have fallen on a 
Sunday because he recalls that they could not celebrate by going to 


the theatre. An instance of the interaction of recognizing and recall- 
ing occurs where, in trying to rememb 


ords recalled in successive two-minute 

75 4, 13, 16, 9 and 13. At first there was a 
followed by a run of firl?’ names and then 
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rhyming words. After that came a few unrelated words interspersed 
by short unproductive periods. The increase in the fourth period 
was due to the sequence ‘doh, doe, do, did, does, doer, done’ fol- 
lowed by a run of names of towns. The next increase came in the 
seventh and eighth periods with a spate of words all formed by using 
the prefix ‘dis-’. The last spurt involved a run of names of psycho- 
logists. From this example alone, ‘regions of search’ are clearly 
evident. 

Comment on naturalistic and experimental observation. Naturalistic 
observation simply means the noting of events as they occur ‘spon- 
tancously’ in nature. It is one with so-called common sense but must 
not, for that reason, be despised. It is the starting point of scientific 
exploration and, with interested and experienced students, the obser- 
vations may be acute and highly sophisticated inferences may be 
drawn - witness the work of Darwin in zoology and Freud in psy- 
chology. The above discussion of continuous controlled recall was 
based on procedures which involved little else than naturalistic 
observation. There often comes a point, however, at which the ob- 


servation of ‘naturally’ occurring events must be supplemented by 


that of events over which the student can exercise some control. 


Experiment becomes necessary in order to provide those particular 
observations which, for a variety of reasons, are difficult or impossible 
to obtain in ‘nature’ and yet are necessary for the verification and 
elaboration of inferences which have, in the first place, been drawn 
from naturalistic observation. Furthermore, it often happens that, 
because of the adventurous and fortuitous nature of research activity, 
such experiments lead to illumination of phenomena far removed 
from those involved in the initial naturalistic observations. The study 
of continuous controlled recalling of words is a case in point. Obser- 
vations of the kind made above suggested characteristics which psy- 
chologists then elucidated and quantified by the statistical analysis of 
data obtained experimentally from jarge numbers of subjects. Con- 
clusions emerged which were of interest to students of remembering 
activity — and also, and unexpectedly, to students of problem-solving 
activity (see Hunter 1959)- 

tal observation frequently takes 


The circumstance that experimen \ 
place within the walls of a laboratory and with the aid bf much appa- 


ratus, gadgetry, and ‘know-how’, should not obscure the fact that 
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it is a refinement aiid an extension of naturalistic ose aii ui > 
not basically different from it. The experiment now to ei a en 
is designed for use with groups of university undergra er i beri 
about half an hour to introduce and perform, and is included le: 


the psychological insights it affords than for the experimental prob- 
lems it poses. 


EXPERIMENT I: REMEMBERING BY RECALL 
AND BY RECOGNITION 


Purpose. To compare the amount recalled with the amount recog- 
nized. w 

Materials. Two learning-lists, One and Two, each comprising ten 
three-letter nonsense syllables. Also, for each learning-list, a recog- 
nition-list of thirty three-letter syllables in which the ten original 
items are interspersed among twenty new items.* Stop-watch. . 

General procedure. The subject is allowed enough time for a partial 
memorizing ofthe learning-list and his remembering is studied under 
one of two alternative conditions. That is, he either writes out as 
many of those items as he can (recall); or he attempts to select the 
items from those contained in the recognition-list (recognition). The 
difference between the recall and recognition performances is the 
variable to be studied and so all other variables must be kept as con- 
stant as possible, 


Difficulties. The main difficulty for the experiment is that, after 
any one person has memorized any one list, 
as remembering by both recall and recognit! 
would be a time difference between his tw 
parisons must therefore be made between 


he cannot be regarded 
ion: at the least, there 
© performances, Com- 
different persons, some 


* The three experiments described in this chapter require the use of 
carefully compiled material and also 


1 ys for Experiment III. Copies 
of suitable material (2s. 6d.) pri 

publisher, to instructors only. The instructor will provide copies which 
must be returned to him, 
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of whom attempt recall and some recognition.’The procedure may 
be schematized as follows. 


Subject 1. Learns lesson X... time interval . . . Recalls X. 

Subject 2. Learns lesson X . . . time interval . . . Recognizes X. 

This comparison now raises further difficulty due to individual 
differences between subjects and, in this experiment, these differ- 
ences can be counterbalanced only by using a large number of sub- 
jects, by comparing two groups of people rather than two individuals. 
There are, of course, a number of variables which can, to some ex- 
tent, be made uniform from one subject to the next. The most 
obvious of these are: the list memorized; the time allowed for memo- 
rizing; the time elapsing between the removal of the learning-list 
and the start of the remembering performance} the time allowed for 
remembering; the subject’s method of approaching the memorizing 
task; and the subject’s fore-knowledge of the circumstances of his 
own remembering performance. With regard to the last point, it 


could be that a subject’s remembering would be improved if he had 


known, at the time of memorizing, whether his remembering was to 


be by recall or by recognition. Thus, while the subject knows before- 
hand that he is either to recall or recognize, he should not know in 


advance which of these performances is to be asked of him. (The 


effect, if any, of such fore-knowledge could be discovered by con- 


ducting a further experiment.*) 

Of the several ways in which the above general procedure may be 
put into practice, two are described below. The Class Experiment 
meets the requirements of a properly controlled experiment but de- 
mands the combination of results from several subjects; the more 
taking part, the better. When less than about eight are available, the 
use of the Individual Experiment is recommended. This is incomplete 
as regards experimental design but, granted the findings of a well 
conducted Class Experiment, it demonstrates, for each individual, 
the difference between recall and recognition scores. 


* Such an experiment was conducted with 160 students Rn 
subjects. Half were told, before memorizing, whether T =. iar 
sequently recall or recognize: half were not told until after an = 
The amount remembered by each of the two ae pend of ‘tie 
Thus, in the present situation, Prior knowledge of tx 


remembering task hes no effect on the performance of this task. 
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EXPERIMENT I: CLASS EXPERIMENT 


Procedure. The experiment is done by persons working in pairs and 
each pair is provided with four lists, i.e. learning-lists One and Two, 
and recognition-lists One and Two. The class instructor describes 
the procedure as follows. 

The experiment is to be conducted in two parts. In the first, one 
person will act as experimenter, the other as subject. In the second, 
roles are exchanged and the remaining learning-list used. In each 
part, the experimenter will cover whichever learning-list is to be 
used, place it before the subject and, on a signal from the instructor, 
uncover the list: whereupon the subject will attempt to memorize the 
spellings (rather than the pronunciations) of the ten syllables by 
silently reading the list again and again from beginning to end until 
told to stop. After exactly sixty seconds, the instructor will signal the 
experimenter to remove the list. The instructor will then ask subjects 
in one half of the room to recall and the remaining subjects to recog- 
nize. It will not be until he has completed his attempt at memorizing 
that a subject will know whether he is to recall or recognize. In recall, 
the subject will try to write out ‘from memory’ as many of the ten 
syllables as possible. In recognition, the subject will consult the 
appropriate recognition-list and (without marking the list) copy out 
from it those syllables which he recognizes as having been in the 


learning-list. In both recall and recognition, the aim is to write out 
as many of the original syllables as 


Possible (and only the originals) 
and the order in which they are written is irrelevant. 

Some pairs of persons will start by having the first subject memo- 
rize learning-list One while some will have the first subject memorize 
Two. The first experimenter in each pair should avoid as far as possible 
reading the syllables learned and remembered by his subject; otherwise 
these syllables will confuse him when, in his turn, he comes to deal 
with the alternative list. It is important that neither subject should read 
through his learning- 


or recognition-list before performing the experiment. 
The above instructions are read aloud by the instructor and ques- 


tions invited. When everybody understands them, half of the experi- 

menters are asked to prepare learning-list One for whole presenta- 

tion and half tb Prepare learning-list Two, The first part of the ex- 

periment is then performed, subjects being give 1 about two minutes 
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for remembering. Remembering performance is not scored at this 
stage: roles are reversed and the second part of the experiment per- 
formed with the remaining learning-list. 

Treatment of results. The quantitative assessment of recognition 
performance is complicated by the fact that a subject often selects 
one or more of the new items as having occurred in the learning-list. 
For want of a better name, it can be said that these erroneous selec- 
tions occur by guesswork. Now if a subject selects new items by 
guessing, may he not also select some of the ‘old’ items in this way, 
rather than by genuine recognition? For any particular subject this 
question cannot be answered with any certainty either by the experi- 
menter or by the subject himself. But by guessing alone the statistical 
chances are that a subject will select one old item for every two new 
items, the ratio of old to new items being one-to-two in the recogni- 
tion-list. Accordingly, the recognition score is calculated by a method 
which, in terms of probabilities, is most likely to deal fairly with the 
effects of guesswork. The number of old items selected is reduced 
by subtracting one half of the number of new items selected. (For 
example, a selection of 9 old items and one new item gives a score of 
8-5 items recognized; a selection of 8 old and 2 new items gives a 
Score of 7.) Notice that, with this scoring system, a subject who 
selects ten items at random might sometimes make a positive recog- 
nition score and sometimes a negative score but that the score he is 
most likely to make is zero: where only guessing is involved, this is 
as it should be. 

The recall score is calculated by totalling the number of syllables 
Correctly written down. It might be thought that this total should be 
Corrected in a manner comparable to that just mentioned for the 
recognition score since, on rare instances, a subject may ostensibly 
‘recall’ a syllable not present in his learning-list. To make such a cor- 
rection, the question would have to be asked: what are the subject’s 
chances of guessing one of the ten old syllables? In the alphabet, 
there are 21 consonants and 5 vowels, so his guess would combine 
one of these consonants with one of the 5 vowels and one of the 
remaining 20 consonants. The number of syllables which may be 
constructed is obviously large, and, in making his guess, It 19 from 
this large number of possible Syllables that the subject would, as it 
were, select, This being so, his chances of guessing one of the syllables 
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in the learning-list are extremely small and any correction would be 
negligible. The interested person might care to test the preceding 
argument by having someone guess ten syllables and seeing how 
many of these correspond to a prepared list. 

To sum up: the recognition score is the number of old items 
selected less half the number of new items selected. The recall score 
is the number of old items written down. 

The general principles. When several recall and recognition scores 
are collected, it is generally found that the recognition scores are the 
higher. This illustrates the general principle. Other things being equal 
and under the very great majority of conditions, the amount recognized 
is greater than the amount recalled. This holds not only for nonsense 
syllables but for experienced events of all kinds, for melodies, touch 
Sensations, visual scenes, and so on. In everyday life, the principle 
can often be observed in operation. People commonly remark that 
they cannot remember (i.e. recall) a name but would know (i.e. 
recognize) it if they saw or heard it. People also remark that they are 


valent of an English one, And 
their first language (and quite 
understand a word s 
example, the differe 
inations may be me: 
the correct answer 
their final (recogni 
tional examination 


er provided recall scores, 100 
ci i ‘ 
recognition scores, Since the Tesults for lists One and Two were 


i identical, the scores made on these two lists have been pooled. 
n both recall and Tecognition, the possible score ranges from zero 
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to 10; the number of subjects making each score isshown in Table XI. 
These results show three noteworthy features. 


TABLE XI 
Score oor Lor 2or 30r 4or 5or 6or 7or Sor gor I0 
05 15 25 35 45 55 65 75 85 95 
Recog. o o o o 2 I 22 I 
3 o 
(N = 100) oo i rs 
Recall © 3 4 9 4 i t7 2 m 4 2 
(N = 100) 


1. The two arrays of scores overlap. This means that the psycho- 
logical performances represented by these scores are influenced by 
factors other than that selected by the experimenter as the critical 
variable. This illustrates two important points. First, psychological 
experiments are peculiarly difficult to control for, when using human 
beings, itis not possible to take into account every detail of their pre- 
vious histories. Secondly, with data from only a few subjects results 
may be obtained which contradict the conclusions to be drawn from 
a larger sample. For example, a group of only four subjects might 
contain two who recall xo syllables and two who recognize only 
4 syllables, This possibility illustrates the fallacy of generalizing from 
too few instances. 
2 The recognition scores show a ‘ceiling-effect’, the scores bunch- 
ing up in the highest possible category. This means that, had circum- 
stances permitted, some subjects could have scored higher than 10. 
This ceiling-effect could be removed if the experiment were re- 
designed either by allotting a shorter time (say 45 seconds) to the 
memorizing task or by presenting, more syllables (say 14) to be 
memorized in 60 seconds. 

3. The recognition scores are, on the 
than the recall scores, the averages being 
Notice however that the difference between these averages WO 
have been even greater but for the ceiling-effect: some subjects with a 
recognition score of ro would have scored higher and so have raised 


the average score. , 

Use of probability in assessizg results. Even with two’ sets of scores 

Which, as here, appear to the eye as being distinctly different, it is 
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desirable to state th2 extent of this difference in precise terms. beer 
is done by stating the probability that the obtained difference = ei 
have arisen merely by chance. With data of the kind we y i 
present experiment, this way of stating the amount of di ca 
would usually be arrived at by the procedure known as calculating 
a t-score* based on the averages and the standard errors of the two 
sets of scores. But properly speaking, a t-score can only be used when 
each of the arrays is normally distributed. So because of the ceiling- 
effect, a t-score is not appropriate here. However, an peptic’ 
statistical approach is available for the present data: this is the cal- 
culation of a chi square value. 

Consider all 200 scores together. The average score lies between 
7:5 and 8. Call any subject who scores 8 or more a ‘high-scorer and 
any who scores less than 8 a ‘low-scorer’. In recall, the proportion 
of ‘high’ to ‘low’ scorers is 16: 84, and in recognition 71 29. = 
calculation, the chi square value of these two proportions is foun 
to be 59:32. In terms of probabilities, this value means that not once 
in a thousand repetitions of this experiment would these two pro- 
portions arise by chance and that there is a very significantly greater 
proportion of ‘high-scorers’ among the recognizers than among the 
recallers. In short, if it is assumed (as it may be under present con- 
ditions) that there existed no overall differences in the learning and 
remembering abilities of the recallers, as a group, and the recognizers, 
as a group, then it can confidently be concluded that more is re- 
membered by recognition than by recall, 

The conclusion is: other things equal, recognition score is higher than 
recall score. ‘To the beginning student of psychology, this rt 
may seem so platitudinous as to be unworthy of the experimenta 
labour involved in establishing it. If so, three comments are in order. 
First, the present experiment is an exercise in experimental explora- 
tion designed to illustrate procedures of psychological analysis pon 
than to lead to unexpected conclusions: to arrive at the unexpect 
usually requires experimentation of a kind which uses these same 
procedures in a more complex way. Secondly, an experimentally- 
based conclusion must not be despised because it seems ‘obvious > 
psychologists are all too familiar with ‘self-evident’ tenets which, a 
examination, are unsupported by faci. Thirdly, a conclusion whic 

* See p. 23. 
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is ‘commo i 
msensical’ i 
an = must have been arrived at, However informally. 
ea evidence of some sort: in the light of the me 
ein = sort of experiences could have given rise to a ‘com- 
elaboration of the present conclusion? 
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Using a a 5 immediately after this, attempts recognition. 
rise fin memorizing period, the following results were 
m 16 student subjects. Each subject is represented by 
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n in recall; 
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Suggested a. improvement in recognition. (This is why it was 
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two successive reniembering performances are attempted immedi- 
ately after memorizing, the later performance would not be con- 
sistently better than the earlier if (a) both were by recognition, (b) 
both were by recall, or (c) the earlier were by recognition and the 
later by recall. In itself, condition (c) raises scoring problems for, on 
occasion, the subject will recall some of the ‘new’ items from the 
recognition list. How are such intrusions to be treated? Perhaps the 
reader might begin his search for an answer by planning and carry- 
ing out an experiment. 


EXPERIMENT II: RETROACTIVE INTERFERENCE 
AND REMEMBERING BY SAVING 


Purpose. To compare the effects of different interpolated learning 
activities on amount remembered as measured by a saving score. 

Materials. Three learning-lists.* List One comprises eight three- 
letter nonsense syllables. List Two S is similar to List One for it also 
comprises eight (different) three-letter nonsense syllables, List Two 
D is dissimilar to List One, comprising thirteen two-syllable adjec- 
tives, A movable aperture, that is, a piece of paper or board with a 
hole just large enough to expose a single item while other items re- 
main covered, (Such a movable aperture is simple to make: the alter- 
native is to print each item ona Separate card and present these cards 
one by one.) A metronome. 

General procedure. Two groups of subjects are compared. Each 
subject learns a lesson until a certain degree of proficiency is reached. 
He then learns a second (interpolated) lesson and, after this, re- 
learns the original lesson until he regains his former level of pro- 
ficiency. The less he has forgotten of the first lesson, the more easily 
will he regain his earlier Proficiency. For one group of subjects, the 
interpolated lesson is relatively similar to the original lesson whereas, 
for the other group, it is relatively dissimilar. The question is: will 
the two groups regain their earlier level of proficiency with equal 
ease? 


Procedure. The procedure to be described has been successfully 
employed with groups of university undergraduates. The persons 
Work in pairs, one as experimenter and one as subject. Each pair is 

* For the material to be used, see p. 23. 
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provided with two learning-lists; half of the paits with Lists One 
and Two S, the other half with Lists One and Two D. Although not 
essential, it is preferable that subjects should not know the purpose 
of the experiment before taking part in it. The instructor describes 
the procedure as follows. 

The experiment involves three learning sessions. In the first the 
subject will memorize List One by the method of anticipation until 
a learning criterion of one errorless trial has been reached. The ex- 
perimenter will record the number of trials required to reach this 
criterion. In the second learning session, the subject will memorize 
List Two. Again, learning will be by the method of anticipation and, 
again, the experimenter will record the number of trials required to 
reach one errorless trial. In the third session, List One will be re- 
learned until, once again, the one trial criterion is reached and, as 
before, the number of trials required is recorded. 

The anticipation method. The experimenter will place the list in 
front of his subject and cover it with the frame of the movable aper- 
ture. He conducts each trial by exposing, first, the list heading and 
thereafter each successive item in the list, each exposure lasting for 
3 seconds. On the first trial, the subject will observe and attempt to 
memorize each item as it is exposed. Then, starting with the second 
run through, he will try to anticipate, during each exposure, the item 
which is to appear next. Thus, when the list heading is exposed, he 
attempts to call out the first item on the list; three seconds later, this 
first item will be exposed and he will attempt to call out the second 
item; and so on until the trial ends with the exposure of the last 


item. (In this, as in all class experiments, due consideration must be 


paid to persons working within earshot.) The experimenter will ex- 


Pose each item for exactly 3 seconds and will not wait for the subject 
to ‘make up his mind’ about the next item: it is part and parcel of the 
performance which the subject is required to master that he correctly 
anticipate each item during the exposure of the immediately pre- 
ceding item. Note that each exposure will serve a dual purpose. 
Except for the exposure of the list heading, each confirms or corrects 
the anticipation just voiced; and except for the last in the list, each 
Serves as a signal for anticipating the succeeding item; that is, prompts 
the subject in recalling the next item. 
The list is gone through, trial after trial, 
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in which the subject anticipates each of the items correctly and at the 
appropriate time, that is, until he reaches a criterion of one errorless 
trial. Two aspects of this criterion are noteworthy. First, it is arbi- 
trary. It would be just as admissible to decide on a criterion of two 
or more errorless trials. It merely happens that a one trial criterion 
is convenient for present purposes. Secondly, if, say, a subject 
reaches the criterion on his tenth trial, he would not necessarily reach 
a criterion of two consecutive errorless trials on his eleventh. The 
variability of learning performance is such that he would be likely 
to make some errors on this eleventh trial and not reach the two trial 
criterion until, say, his thirteenth trial or beyond. 

The subject’s memorizing performance will be assessed in terms 
of the number of trials to reach the criterion, This number will in- 
clude the first trial, on which no anticipation is attempted, and also 
the criterion trial. 

Timing. The timing must be exactly controlled. Each item should 
be exposed for Precisely 3 seconds. This can be achieved by the 
experimenter’s moving the aperture to the next item on every ring of 
a metronome bell set to sound twenty times per minute. The time 
between the end of one trial and the start of the next should also be 
constant and 12 seconds is a convenient interval. This inter-trial 
interval applies not only within each learning session but also 
between the end of one learning session and the start of the next. 
During this 12-second delay, the subject should resist the temptation 
to recite over to himself the contents of any of the lists. 

Mode of anticipation. When learning words, the subjects will 
anticipate by Pronouncing the word. When learning syllables, he will 
spell out the syllable. This spelling out has the advantages of avoid- 
ing ambiguities inherent in Pronouncing certain syllables and (in the 


Present experiment) accentuates the dissimilarity between the 
syllable and adjective lists, 


Treatment of results. Each sudject’s performance furnishes three 


basic scores, namely, the number of trials to learn List One, to learn 

List Two, and to relearn List One. The saving score is calculated 

from the first and last of these three. The notion underlying the 

Saying score issthat of work expenditure, In learning a lesson, so 

much effort is expended and the number of trials required for learn- 

ing is taken as a quantitative index of this effort. If what is learned is 
156 


REMEMBERING 


forgotten completely, then on relearning the same lesson, the same 
amount of effort will have to be expended as before. In terms of 
work, the person will be no better off than if he had never learned 
the lesson and his previous effort will not save him any effort now. 
If, on the other hand, he forgets nothing of what he learned, he need 
expend no effort in relearning; he will have saved himself all (100 
per cent) learning effort. These considerations raise two important 
characteristics of the saving score. 

1. It ranges from zero to 100 per cent and, in order that it may do so, 
the criterion trial (or trials) must be excluded from the learning and 
relearning scores. Suppose that 10 trials are required for original 
learning up to and including one errorless trial and that, on relearn- 
ing, an errorless trial is achieved first run through. If the criterion 
trial were included, the saving score would be 9 (10 minus 1) divided 
by ro. But clearly the score should be 100 per cent since no effort 
is expended on relearning. However, if the criterion trial is excluded, 
the saving score is (9 minus 0) divided by 9, that is, 100 per cent = 
as it should be. In short, the percentage saving score is given by the 
following formula where ‘x’ is the number of trials to learn exclusive 
of the criterion trial and ‘y’ is the number of trials to relearn exclusive 
of the criterion trial: 100.(x — y)/x- 

2. It depends on learning ability as well as amount retained. Like 
any measure of remembering performance, whether by recall or by 
recognition, the saving score is affected by conditions operating at 
the time of remembering. So if, for any reason, the person’s learning 
ability changes markedly between the time of learning and the time 
of relearning, this change ought to be allowed for in the final saving 
score, To illustrate, Ebbinghaus discovered that because of diurnal 
variations it took him an average of 12 per cent more trials to learn a 
syllable list at 6 to 8 p.m. than at 10 to IT a.m. Thus, in determining 
the amount of forgetting during a nine-hour interval, the original 


learning took place at a favourable time of day and the relearning at 


an unfavourable time. Accordingly, he deducted 12 per cent from 

the relearning time before calculating the amount of saving. How- 

ever, under the conditions of the present experiment, any change in 

learning ability between the times of learning and relearning (a) is 

slight and, on the whole, limited to a small beneficial practice effect, 

and (b) influences, iu much the same way, both those subjects whose 
157 


PSYCHOLOGY THROUGH EXPERIMENT 


interpolated activity-involves learning List Two S and those whose 
activity involves learning List Two D. Thus, the overall change in 
ability invalidates only slightly, if at all, the inter-group comparison 
which is the experiment’s objective. The relative stability of subject’s 
learning abilities throughout the experiment does not, however, 
mean that an occasional subject’s abilities may not change markedly 
for the worse through his becoming emotionally upset as the experi- 
ment proceeds. In such a case, he may require more trials to relearn 
the lesson than he originally required to learn it, that is, his saving 
score may be negative. 

The principle. Retroactive interference refers to the fact that 
remembering performance depends not only on the original learning 
activity and on conditions operative at the time of remembering but 
also on the nature of the activities engaged in during the interval 
between learning and remembering. From a practical viewpoint, 
such interference is important for it is the most potent single factor 
responsible for forgetting and misremembering. From a theoretical 
viewpoint, retroactive interference illustrates the temporal unity of 
mind, the rule that Psychological activities are interrelated in 
Sequences and can be split only arbitrarily into discrete temporal 
units: in this respect, mind is historical, developmental, analogous 
to a continually flowing and turbulent stream. 

When each subject’s saving score has been calculated, it is found 
that, on the whole, the greater amount of saving is shown by those 
subjects whose interpolated activity is the more dissimilar to the 


tivity. This finding illustrates the role of retro- 
active interference in Producing forgetting, Supplementary evidence 
for inter-lesson interference comes from at least two other aspects of 
the performances. (1) Intrusions: in telearning List One, a subject 
sometimes anticipates an item belonging to the interpolated List 
Two S but intrusions between Lists One and Two D do not occur. 
(2) On their first relearning trial; “subjects in the Dissimilar Group 
correctly anticipate, on the whole, more items than do subjects in the 
Similar Group. The number of such correct anticipations gives a 
(prompted) recall score and the inter-group difference with respect 


to this score illustzates that retroactive interference affects remember- 


ing in general and not merely remembering as manifested in saving. 


Specimen results. The experiment described above was performed 
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with a total of 120 university undergraduates taking part. Sixty were 
subjects and half of these had, as their interpolated task, the learning 
of List Two S: these constitute the Similar Group. The remaining 
30 subjects belonged to the Dissimilar Group. The saving scores of 
the Dissimilar Group ranged from 40 to 88 per cent with a mean of 
74 per cent. The scores of the Similar Group ranged from —II to 
76 per cent with a mean of 46 per cent. Table XIII shows the 
number of subjects scoring less than 20 per cent, from 21 to 40 per 
cent, from 41 to 60 per cent, from 61 to 8o per cent and from 81 to 


Tage XIII 
Saving Score Less than 
(per cent) 20 21-490 41-60 61-80 81-100 
Dissimilar Group 
(N = 30) o I 4 II 14 
Similar Group 
(N = 30) 4 10 II 4 I 


100 per cent. (Notice that the scores of the Dissimilar Group are 
had 61 per cent or over 


distinctly skewed.) Calling those subjects who 
‘high-scorers’, and those with 60 per cent or less ‘low-scorers’, it can 


be determined that the chi square value is 24:06. This value means 


that the proportion of ‘high-scorers’ is significantly greater in the 


Dissimilar Group at well beyond the -or level of probability. 

Problems of interpretation. Before interpreting the above difference 
between the two groups as being the outcome of retro-active inter- 
ference, two alternative interpretations must be considered. 

I. Might not the difference be due, in some way, to the two 
groups not being matched for learning ability ? This question can be 
answered by discovering the average number of trials taken by each 
group to reach the criterion in learning List One. In fact, the Dis- 
similar Group required an average of 11:63 trials and the Similar 
Group an average of 11°60. These averages are almost identical so 

fference in learning 


there is no reason to suppose any inter-grouP di 


ability. 

2. Might not the time elapsing 
List One and the start of relear 
Similar Group than for the Dissimi 
if forgetting were a sunction of elapse 
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difference in savirig score might have little or nothing to do with 
retroactive interference. This question can be answered in so far as 
the timing of the experiment has been properly controlled, The 
Similar Group required an average of 11-43 trials to learn the inter- 
polated list of eight syllables: each trial involved nine exposures 
(this includes the list heading) of 3 seconds each: there was an 
average of 12-43 inter-trial intervals of 12 seconds each. From these 
facts, it can be calculated that an average of 458 seconds elapsed 
between learning and relearning. Likewise, from the fact that the 
Dissimilar Group required an average of 8-83 trials to learn the 
interpolated list of thirteen adjectives, the elapsed time for this 
group averaged 489 seconds. Thus the Dissimilar Group had the 
longer interpolated time interval. This finding illustrates the prin- 
ciple that forgetting is not caused by mere lapse of time but, rather, 
by the activities which take place during the elapsed time. 
Additional results, Any psychological performance has many 
aspects and, in experiment, 
tion, But the Opportunity should always be taken to note other 
aspects even thou; 
firm conclusions 
of the performan 
that each may b 


Effort after meaning. Although the material to be learned is non 


cally tries to make sense of it, infuse 
to what is already familiar to him. If 
on this facet of his activity, he will 
and recalling were not achieved alto- 


en fairly intricate ‘processing’ of the material 
which might be called thinking; those items which were memorized 


Particularly easily were those with most meaning for him; and his 


@utomatization would set in, that is, the 
would, more and more, be ‘run off’ 
t is of interest that, in conducting his 
ghaus zrained himself to eliminate effort 
rmance,)* 


© is a tendency fot items in the middle 
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of the list to be memorized slowest and forgotten soonest. This 
tendency is yet another manifestation of interference, this time 
between different items in the same list rather than between one 
list and another. To study this effect it is necessary to record the 
response made by the subject on each opportunity for anticipation. 
Furthermore, since some items are intrinsically easier to memorize 
than others, it is necessary to obtain results from several subjects, 
each of whom memorizes a list containing the same items in dif- 
ferent orders. (A complete counterbalancing of item and position in, 
say, a twelve-item list requires the construction of a large number, 
actually factorial 12, of alternative lists. This number may be 
reduced by counterbalancing not individual items but blocks of 
items. Thus, the list may be treated as comprising three four-item 
blocks and a complete counterbalancing of the positions of these 
blocks achieved by constructing only six different lists.) This ‘block 
procedure’ was carried out by introductory psychology students at 


Edinburgh University. The twelve items were: PIW — ZUP — WIJ = 


KEB — GAX — JIQ — BOF — MEC - YUJ = QOS = xav - FEH, Each of the six 
derived lists was memorized by seven subjects. For each subject, 
the ease of memorizing each item was assessed by counting the 
number of trials on which that item was correctly anticipated and 
expressing this number as a percentage of the total number of trials 
required to reach the learning criterion. The combined results for 
the 42 subjects were that the items of the first, middle, and last 
thirds of the list were correctly anticipated on an average of, respec- 
tively, 69, 39 and 53 per cent of trials. These data reflect the typical 
bow-shaped serial position curve in which the items most easily 
memorized are those at the beginning of the list, the items next 
easiest are those at the end of the list, and the most difficult are those 
in the middle. 

The remarks just made should not be generalized to yield the 
assumption that the serial position curve obtained with the anticipa- 
tion method holds for other kinds of remembering performance. 
When a list of syllables or unrelated words or numbers is read out to 
a person who is then asked to write down as many of the items as he 
can in any order he chooses, the best recalled iterus (which arealso 


$ er 
the items recalled earliest) are t ginal list, the 


hose at the end of the ori; 
next best those at the beginning, and the worse those in the middle. 
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On the other hand; the list of items read out may be sequentially 
related as in a story, or even only apparently sequentially related as 
when each item is a short sentence descriptive of a single person, 
place or event. In recalling such material, it is the ear/y items in the 
list which fare best, the end items next, and the middle items worst. 
(See Deese and Kaufman 1957. Their materials and methods are 
readily adaptable to the needs of a successful classroom experiment. 
This type of experiment leads to considerations of immediate memory 
and the distinction between short-term storage, where the interval 
between learning and remembering is a matter of a second or two, 
and long-term storage. See Broadbent 1958, chap. 9. Broadbent 
also gives a not-too-difficult overview of one of the most recent and 


fruitful developments in psychology, namely, the importation of 
‘information theory’.)* 


EXPERIMENT III: EFFECT OF SET ON SPEED 
OF RECOGNITION 


Purpose. To compare the effect of specific and non- 
speed of recognizing. f 
Material.} For each subject, an array of 36 five-letter anagrams 
which is divided into six lists containing six anagrams each. The 
anagrams in three of the lists are Categorized, that is, the solution of 
each anagram in the list is a word which belongs to the same category; 
eg. the name of an animal. Three of the lists are uncategorized, the 
solutions belonging to assorted categories. Movable aperture. Stop- 
watch or ordinary watch with a good seconds hand. l 
' General remarks. An anagram is a word (the solution word) which 
is disguised by a disarrangemeat of the constituent letters. The 
guise exhibits characteristics both of problem- 
os = of recognizing. The problem-solving aspect i parici- 
larly evident when the disguise is difficult to penetrate and the sub- 
ject engages in sequences of more or less deliberate try-and-check 
activities, e.g. combining, uncombining and recombining various 
letter groups. Recognizing is evident in that the disguise is finally 


* It is of interest to note th 
c e use of no: i 
here and in chap. 4 on Learning. [Ed.] eee 


} For the anagrams to be used, see p..23 
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penetrated when the subject, in effect, says that this is such-and-such 
a word. The primary aim of this experiment is to have someone 
attempt to recognize the solution word under two conditions. (a) 
When the anagram is categorized and the category is known to the 
subject beforchand. (b) When the anagram is uncategorized so that 
the subject starts off ignorant of the category of the solution word. 
A secondary aim is to study some of the features of problem-solving 
activity and, in so doing, demonstrate the interdependence of 
recognizing, recalling, problem-solving, and of mental processes 
generally. 

‘Set? is a concept with which many psychologists have found 
difficulty. Nevertheless, no one denies that such a concept, in some 
form or another, is necessary. Briefly, set may be defined as a 
preparatory adjustment or readiness for a particular kind of activity 
or experience (for an extended discussion of set, see Johnson 1955, 
chap. 6). For the purposes of the present experiment, the following 
characteristics of set should be kept in mind. (a) Here set is estab- 
lished by verbally telling the subject the category of the solution 
word. (b) Even with uncategorized material, the experiment still 
implies set; for the subject treats the material as an anagram, not — 
as he might do under other circumstances — as a nonsense syllable 
to be learned nor as a cypher where the letters are to be replaced by 
digits or by other letters. The difference between the categorized 
and uncategorized conditions is one of degree only, i.e. of the 
explicitness of set, not of its presence or absence. Very little, if 
indeed any, remembering is done with no set at all. (c) Non-verbal 
sets may establish themselves in the course of this, or of any other, 
experiment, (Example is said to be better than precept.) If, for 
instance, the first few solutions of 22 uncategorized list were to be 
names of animals, the subject would be apt to ‘look for’ more animal 
names, without any instructions to develop such a set. In the present 
experiment, the solution words of one category are all proper 
nouns: this category has been found to be difficult because, appar- 
ently, the subjects have set themselves, without instructions, to find 
only common nouns among the uncategorized anagrams. (A varia- 
tion of the present experiment is to compare the» times taken» to 


ieee s 
i i t informin 
recognize categorized and uncatego: g 


rized anagrams withou' 
the subjects of the condition nnder which they are, at the moment, 
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working. It is generally found, even so, that categorized responses 
are quicker. This is recommended as an additional experiment.) 
(d) When a subject has recently recognized a solution word, he will 
more readily recognize this same word on a second presentation of 
its anagram (even if the anagram be different). This further exempli- 
fies the influence of set; and the reader is invited to test this general- 
ization by experiment. 

The last-mentioned fact complicates the present experiment to 
the extent that the same anagram cannot be presented more than 
once to the same subject. A further complication stems from the 
fact that anagrams vary intrinsically in difficulty even when allow- 
ance is made for ability, educational and other background, shifting 
set, and so on. Some solution words are less familiar: some anagrams 
involve greater disarrangement of letters, e.g. anagram 12354 is 
easier than 42513 when the solution is 12345 (this has been verified 
by Hunter 1959 - this paper should be consulted for yet another 
classroom experiment involving anagrams and for an extended 
account of anagram solving activity). In order to overcome these two 


complications, the material for this experiment has been constructed 
as follows, 


six from each of nine 
etters a to i. These 54 
6 anagrams each; and 
bered from 1 to 6. Lists 1, 3 and 5 


One, the three categor: six words from categories 
a, b and c, respectively; each uncategorized list is ‘mixed’ and con- 


t word from each of the categories d, e, f, g, h, and 
i. In Array Two, the three Cetegorized lists are d, e and f, while 
each Uncategorized list contains one anagram from each of a, b, C, 8; 
h and i. In Array Three, the categorized lists are g, h and i; the 


uncategorized are made up froin a, b, c, d, e and f. Taking these 
three arrays as a whole, 


y each of the 54 anagrams occurs twice, once 
as categorized and once 


as uncategorized. It should be noted that 
each anagram usually pe: 


i tmits of one, and only one, solution. 
Experimental. ‘Procedure. 
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an array of 36 anagrams, a movable aperture and a watch. The sub- 
jects are told that they will try to solve six lists of anagrams, each list 
containing six different anagrams: three of the lists will be categor- 
ized, three uncategorized. Each individual anagram will be exposed 
for 30 seconds but the subject should call out the solution as soon as 
he is sure that he has recognized it. 

The experimenter’s task will be as follows. He covers the array, 
places it in front of his subject, exposes the heading of the first list 
and announces whether the list is categorized (when he reads out the 
category, e.g. animal) or not. Then, after alerting his subject, he 
exposes the first anagram of the first list, simultaneously starts his 
watch, and keeps the anagram exposed for a maximum of 30 seconds. 
When the subject calls out a solution, the experimenter notes the 
time. If the solution is given before 30 seconds is up, the experi- 
menter records the recognition-time and also the word stated as 
recognized and, this done, exposes the next anagram in the list: if 
the anagram is solved, there is no need to wait until 30 seconds is up 
before proceeding to the next item. If the anagram is not solved in 


30 seconds, the experimenter records ‘fail’ and moves on to the 


next anagram. This procedure is continued to the end of the list and 


repeated with the five remaining lists. 

Difficulties of timing. The measurement of each recognition-time 
and of each 30-second limit must be as accurate as possible. But it 
would be overzealous to record to anything smaller than the nearest 
second, An accuracy of anything smaller is likely to be impossible 
under the circumstances; as is an accuracy of less than about two 
seconds in the case of ‘instantaneous’ recognitions. Another timing 
difficulty arises when the subject ‘jumps the gun’ by calling out a 
wrong word and then withdrawing it. As a precaution against the 
confusion of such a circumstance, the experimenter should keep his 
eye on the second hand of his watch, observe the time at which the 
word is called out, and let the watch run on for some seconds in case 
the subject should offer another word. The time elapsing between 
one exposure and the next need not be kept rigid: the experiment 
is best conducted at a leisurely pace SO that neither experimenter nor 


subject feels rushed or flustered. 
In this way, each subject attempts three 


the number of persons in the class permits, 
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should be introduce of alloting one subject to each of six slightly 
different tasks. One subject takes the lists of Array One in the order 
I, 2, 3, 4, 5 and 6; a second subject takes the lists of Array One in the 
reverse order, beginning with 6 and ending with 1 so that he starts 
with an uncategorized list. A third subject takes Array Two in the 
forward order, a fourth Array Two in reverse order. A fifth takes 
Array Three in forward order and a sixth in reverse order. 

Report by the subject. When the subject has finished, he should be 
asked to comment on his performance. Did he, for example, feel 
that the specification of the solution word’s class helped him and, if 
So, in what ways ? Did he ever recall any words fulfilling the specifica- 
tion before going through the specified lists ? Was he aware of using 
any definite procedures in trying to achieve recognition ? Was he 
aware of any particular obstacles in the way of recognition ? The 
subject’s answers to these and other questions may reveal much 
about his performance which could not be discovered by a con- 
sideration of his time scores alone. 

Treatment of results. To begin with, the results of each subject 


should be considered Separately, The overall performance is repre- 
sented by 36 time scores, S 


directly; others, the ‘fails’, 
seconds plus some further 


- Note that a ‘faip is based on an arbitrary 

and that a more satisfactory assessment is 

ed by the ‘time limit the median (‘midmost’) 

Tecognition-timie of all 36 anagrams. This gives an approximately 

equal number of ‘fails? and ‘passes’ over the total array of anagrams 
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and the question is: how many of these fails be‘ong to the categor- 
the uncategorized ones ? The use 


ized anagrams and how many t 
differences in fail 


of the post hoc time limit shows most clearly any 
rate between the two conditions. 

An alternative (and basically similar) comparison is carried out in 
terms of the median recognition-times under the two conditions. The 
ranking begins by taking the ‘fails’ as the largest time scores (30+ 
seconds) and then times of 30, 29, 28 seconds and so on until the 
tenth and ninth largest scores are reached: the median of the 18 
scores is, nearly enough, the average of these two scores. If there are 
nine or more ‘fails’, the median of the array is 30+ seconds, The 
prediction is that the median recognition-time of the 18 categorized 
anagrams will be the smaller. As here stated, this prediction is 
rather gross; but in fact, it is possible to calculate the likelihood that 
the two medians differ to an extent which is greater than would be 
obtained by chance alone. (An account of this calculation is given 
by Siegel, 1956.) 


Problems of interpretation. Suppose the subject’s failure rates or 


recognition-times confirm the above predictions. Can it be concluded 
that this demonstrates the facilitating effect of set on speed of 
recognition ? The conclusion is certainly suggested but it does not 
automatically follow. There are two further factors which might 
have contributed to the outcome: without conducting subsidiary 
experiments, we cannot be certain that they operates but we cannot 
assume their absence and, at the least, must be aware of their 


potential effects. 

1. Sampling error as vitiating factor. a 
cally i difficult to unmask than others. So it might happen that 
One population of anagrams (either categorized or uncategorized) 
has been chosen which is, quite a] effects of set, more 
difficult or easy than the other. This sampling error can be eliminated 
by presenting each anagram twicé, once under each condition, so 
that the two populations are identical. But if only one subject is 


being studied, this double presentation is impracticable er > 
introduces the further factor of familiarity with the anagram and its 
r can, when only one subject 


solution, The extent of sampling erro ] 

is being used, be reduced bysincreasing the number ia pt i 

be taken under each conditions and the use of the relatively larg 
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number of 36 anagrams in the present experiment is an attempt to 
do just this. But though a population of 36 anagrams reduces the 
sampling error considerably, it does not altogether eliminate the 
possibility of error. The only way to make sure is to present the 
same anagrams to different subjects but under different conditions 
for each subject. With the material given, this counterbalancing of 
anagrams and conditions is achieved by having one subject take 
Array One, another Array Two, and a third Array Three. If all three 
subjects have a longer median recognition-time under the uncategor- 
ized condition, we can be fairly certain that their collective results 
are not due to sampling error. 

2. Practice effect as vitiating factor. It may be that as the subject 
proceeds from anagram to anagram he becomes more proficient at 
his task and progressively quicker in achieving recognition. Alterna- 
tively, he may become fatigued, bored or upset and so become pro- 
gressively less proficient, (Such Progressive changes as may exist 
are not necessarily revealed by studying the time scores because of 
the confounding effects of Variations in the intrinsic difficulty of the 
anagrams.) Because of these Possible practice effects, it is desirable 
not only to intersperse the two kinds of list but also to have some 
Subjects start with one and others with the other. This counter- 
balancing of conditions with the Practice factor is achieved by having 
one subject start an array of anagrams at list 1 and another at list 6. 

It will be realized that any counterbalancing procedure does not 
Prevent ‘extraneous’ factors from Operating. What it does is to 
nullify the effects of these factors on the final outcome of the 
experiment, 

The results taken as a whole. When the results of each subject have 
been calculated, the results of cll the subjects should be collected. 
Ifthe tasks of the different subjects counter-balance each other in the 
manner described above, it can be concluded with a high degree of 
ion of the solution word’s category has 
gnition. From this and other similar experi- 
ments, the general prin 


lig ciple emerges that: the more specific the set, the 
easier, in terms of speed, the recognition. 


‘Specimen results. The experiment, exactly as described above, was 

ae with a total of sixty student subjects Every single subject 

ad both a higher median Tecognitior-time and a larger number of 
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fails (at 30-second limit) on the 18 uncategorized than on the 18 
categorized anagrams. Over all arrays and conditions, the median 
solving time was 20 seconds for uncategorized and 4 seconds for 
categorized items. The average number of fails (at 30-second time 
limit) was 7:12 for the uncategorized and 1-97 for the categorized 
items. 

Retrospective comments of subjects. These reveal supplementary 
findings, some of which are as follows. 

Suddenness of recognition. Whether recognizing is achieved soon or 
late, it is achieved with characteristic suddenness. To the subject, 
there is an abrupt transition from the confusing jumble of the 
anagram to the meaningful familiarity of the solution word. 

Perceptual change. Nature of recognizing. Once the transition to 
recognition has taken place, the subject’s perceiving of the anagram 
is altered — for a time at least. It ‘looks’ different and is so suggestive 
of the solution word that it is often difficult for the subject to under- 
stand why he took so long to achieve recognition. Recognition is 
perception characteristically altered by past experience in that what 
is recognized (1) produces a feeling of familiarity and (2) is perceived 
as having special attributes not directly given by the objective nei 
tion. For example, to a motorist, the green light of a traffic signa 
‘looks’ permissive and the red prohibitive; a ‘hard looking’ Leary 
may, on closer acquaintance, be perceived as ‘noble’ or poe aed 

Our everyday perceiving is riddled through and = en ap 
the effects of past learning. The present experiment ator ae 
illustration of this mighty fact in that, after recognition, ner ars 
disguise often seems meagre and transparent. Those it J gchiieve 
Who try to solve the anagrams along with their subject®, u“ ent at 
recognition before their subjects, zemark on their benut 


i imilar bewilder- 
the subject’s inabili hat seems obvious. Similar : 
Subject’s inability to see w! en eee ees especially 


ment i i €o A 
en Seen ne Realization that the ‘obvious’ 
in their dealings with young children. Ke ing should make us 
usually becomes so only as a consequence of learning not shared the 
More tolerant of the ‘stupidity’ of those who have 

xperiences. ' 
relevant aspects of our own past experien erbal instruction, 


se X 
Subjective aspects of set. When set 1S nn even though they 
ana a rent (Note that sets may 


May find difficulty in reporting its exac ð 
M ô 169 ' 
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also be induced by: ways which result in no awareness, on the sub- 
ject’s part, of set.) For some subjects, the altered awareness is vivid, 
e.g. given the category of ‘fruit’, they may ‘see themselves’ in a fruit 
shop surrounded by an array of fruit and vegetables: in some cases, 
the imaged shop relates to an actually known shop and is experienced 
in lively detail. For others, the changed awareness may be vague, 
elusive and quite devoid of imaging: their experience can only be 
described as one of readiness, of being appropriately oriented to- 
wards the task to be presented. For yet other subjects, it may happen 
that set is experienced as more than either an imaged situation or an 
orientation: they may ‘spontaneously’ recall words fulfilling the 
requirements of the given category. In effect, they may say ‘Fruit ? 
Well, there are apples, oranges, bananas, lemons, plums . . .’ 

To achieve recognition, there must be an interaction of past 
experience (or rather the retained effects of such experience) and 
present perceiving. Sometimes subjects attend mainly to the per- 
ceived anagram and manipulate its letters until, under the guidance of 
Set, a rearrangement ‘fits’ an appropriate and already familiar word: 
the anagram gives out, as it were exudes, the solution word. Some- 
times subjects attend rather to the familiar words: they recall 
words, again under the guidance of set, until one ‘fits’ the anagram: 
the word, as it were, absorbs the anagram. The contrast between these 
two routes may be sharpened by analogy. Consider a door with 
several locks and a person who wants to open the door and has a 
bunch of keys for the purpose. He may select one lock and search 
for a key to fit it or, alternatively, he may select one key and search 
for a lock into which it fits, 

Problem solving activity. It has been mentioned that the unmasking 
of an anagram involves not only recognizing but also problem solving 
ofa simple kind. The following phenomena are characteristic not only 
of anagram solving but of problem solving in general (see also chap. 6). 
soe Solution occurs, broadly speaking, in one of two ways. (a) 

pontaneously’ or ‘implicitly’ and without any awareness of 

effort expended; the solution is ‘just there’ all of a sudden. (b) 

Explicitly’ after a more or less prolonged and consciously explicit 

sequence of try-dhd-check activities. In the present experiment, an 

awareness of the distinction between ‘instantareous’ and ‘explicit’ 

solutions influences the attitude of quit: a few subjects towards their 
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task. They approach each anagram with passive’expectancy and, if 
the solution does not ‘come’, experience mild annoyance and despair 
prior to ‘getting down to the job’ of ‘trying things out’. 

2. ‘Explicit’ solutions characteristically involve chains of steps in 
which various procedures are tried out, examined and rejected as un- 
satisfactory. For the most part, these procedures involve the re- 
grouping of letters into pairs or triplets and the distribution of con- 
Sonants around vowels. The alert subject may notice that he con- 
sistently tends to try out certain groupings rather than others. He 
may, for example, pair ‘t’ with ‘h’ whenever these letters occur in the 
same anagram; or where only one vowel is present, place it in the 
centre of the still-to-be- discovered word; or where there are two 
vowels, insert a consonant between them. It will be found that these 
preferred groupings are not a matter of chance but reflect fairly 
closely the letter groups which are, in point of fact, most frequent in 


English words. In anagram solving, as in problem solving generally, 


past learning affects the nature of the steps taken towards solution. 
carrying out a try- 


The subject may occasionally observe himself 
and-check sequence of a different kind. He provisionally decides that 
one particular letter or letter combinatio 
tion in the solution words (the beginning, 
tries to recall a word which fits this provisional skeleton, e.g. what 
short word begins with a ‘y’, or ends with a ‘t, or has a double ‘I’? 

3. Having achieved a certain letter grouping or a provisional skele- 
ton of the sought-for word, the subject may find himself an unwilling 
prisoner. He tries, for example, to break up the letter combination 
‘ale’ but finds it peculiarly difficult to do so; and until he splits up 
this triplet, he cannot recognize the word ‘ankle’. This difficulty is of 
a kind which often arises in problem. solving and is known as a diffi- 
culty in restructuring (in everyday life we speak of ‘getting in a rut). 
As a result of habit or even of genuinely novel thinking, the subject 
sees’ certain components of his problem in one particular way and 
cannot ‘look at’ these components afresh and in some different rela- 
tionship to each other: the parts become, as it were; stuck together. 


This fixedness exemplifies yet another variety of set: one which is, in 
itting creation and one which 


most cases, of the subject’s own unW! and oF 
operates to impede rather thaa facilitate successful completion of the 
task, i 


n will occupy a certain posi- 
say, or the end) and then 
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4. Anagrams arr*usually encountered in crossword puzzles where 
the clue does not explicitly state that an anagram is involved. Here, a 
large part of the difficulty is to discover that an anagram is called for, 
to recognize the problem as being of the anagram type. Bartlett 
(1932) noted that a strange word, picture or phrase was reacted to 
with an ‘effort after meaning’ and that this meaning was achieved, if 
at all, by relating the new and unfamiliar to the old and familiar: this 
done, the person can ‘deal’ with the new situation on the basis of past 
experience. The same is true of a person’s initial reaction to a strange 
problem: he tries to relate it to some kind of problem with which he is 
familiar. During his lifetime, he has met many kinds of problem and 
learned the procedures (not necessarily the best procedures) for solv- 
ing them. So if he can recognize a new problemas beingan old problem 
in disguise, he knows what procedures to use in solving it—in the sense 
that he is set to carry through one or more sequences of potentially 
relevant activities. In fine, a person may recognize events much more 
complex than a word or a nonsense syllable; he may recognize a 
problem category. In many problem situations, this recognition pro- 
cess occurs so rapidly that it goes unnoticed, In the crossword, the 
activity of recognizing a problem as being of a certain type (an ana- 
gram) is more obvious. In many everyday situations, this recognizing 
aspect of problem solving is more evident still. Young school children 
who can add, multiply, subtract and divide often have difficulty in 
knowing which procedure is appropriate to a textbook problem in 


arithmetic. University students of statistics who know their statis- 
tical procedures well are often Perplexed, when faced with a new set 
of data, to know which 


: Procedure to employ. Administrators, faced 
with a new problem, characteristically search for a precedent. Such 
examples show that, when a problem arises, the person’s initial acti- 


vity (and sometimes his greatest difficulty) is to recognize the cate- 
gory of the problem. 
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LEARNING 
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Cambridge University 


The predominant line of thought in the study and explanation of 
learning has been what may be called, in a broad sense, the doctrine 
of Associationism, Now, to say that in learning two or more things 
are ‘associated’, where previously there was no association, comes 
very close to tautology; or, better, to part of an explanation of what 
we mean by ‘learning’. If I am interested in how it is possible for a 
man to modify his behaviour in the way we call learning, I make no 
great advance in saying that the learning was due to ‘association’. It 
is this association which, usually, is the fact to be explained. Never- 
theless, there are two limitations to this analysis. First, in the course 


of its long development in the hands of philosophers, for instance in 
such works as those of the British Empiricists, 


more and more to acquire a quasi-mechani 
ceased to be purely descriptive of certain aspı 
cess. This tendency has been carried further 
Thus, we find :he use of such terms as associative ‘bonds’, ‘links’, 
and ‘connections’. Sometimes we find discussion of the formation of 
‘associative pathways’, and the like, These are, clearly, all attempts 
to pass beyond the description of the behavioural characteristics of 
learning to the kind of mechanisms which control such behaviour. 
An attempt is being made to explain how learned modifications can 
occur in terms of some hypothetical machinery. But very little pro- 
gress has been made merely by the use of such terms in a way which 
has only the appearance of reference to controlling mechanisms. For, 
after‘all, what do’we know about ‘bonds’, ‘connections’ and so on? 
Do we know what we riean when we us¢'these tems in a sense other 
than that in which ‘A connection has teen established in Timothy 
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associating the sight of fire with pain’ means someting like ‘Timothy 
has learned that fire hurts’? 

In order to make the use of such words informative, at least one of 
Ewa things seems necessary. We might have some idea of what a 
connection’, ‘association’, etc. is in physiological terms, and have 
some reason for thinking that the physiological change or process 
concerned stood in some causal relation to the modification of be- 
haviour which we call learning. Alternatively, we might define the 
notion of associative connection in other ways, without reference to 
physiological embodiment, and specify the kinds of things between 
which such connections are made, the conditions which are required 
for their formation, and so on. These two approaches are not to be 
regarded as mutually exclusive. For we might begin with some 
physiological notion of association and arrive, by a study of the 
conditions under which learning occurs, and fails to occur, at a 
better understanding of the role of these physiological processes in 
the control of behaviour and particularly in learning. Or, by the 
study of the kinds of events which are in fact ‘associated’ in learning, 
and of the conditions necessary for this to occur, we may arrive at a 
more precise idea of the function of such connections, and we may 
then search for the physiological basis of them. 

Now, one of the early examples which combined both these 
approaches to learning, together with an experimental analysis of 
the conditions required for the formation of such connections, is the 
theory of conditioned reflexes developed principally by Pavlov. Con- 


ditioned reflexes, in Pavlov’s sense, consist in the establishment of 


‘connections’ between two areas of the brain, namelysthose excited 
by the reception of the conditioned and the unconditioned stimuli. 
The area concerned with the reception of the unconditioned stimulus 
is supposed already to possess further connections with those motor 
areas, the excitation of which will elicit the response to be conditioned. 
These connections are referred to ın physiological terms, and pre- 
sumably the process of connecting the areas for the conditioned and 
unconditioned stimuli depends upon rather vaguely specified physio- 
logical changes. The specification of the conditions required for the 
formation of such ‘connections’ is simple. The two stimuli, end 
hence the excitation Sf the twò reception areas,jmust regularly T 
in fairly close temporal proximity (except in the special case © 
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delayed conditioned reflexes which will not be discussed now); the 
conditioned stimulus should not follow the unconditioned stimulus; 
and the brain must be in a generally ‘excitable’ condition. The first 
two of the requirements are clear. But the last, although essential 
from Pavlov’s point of view, is vague and imprecise, and leads to 
difficulties. Before discussing these, a method for demonstration of 
the basic phenomena will be described. 


DEMONSTRATION I. CONDITIONED REFLEX 


Method. Generally speaking, it is more difficult to produce un- 
equivocal conditioned reflexes in people than it is in animals. The 
reasons for this are of some interest, but discussion of them will be 
postponed. In order to condition some human response, we have 
first to select the ‘reflex’ to be used. The degree of conditioning 
obtained in people tends to vary with the kind of response involved. 
Thus, motor responses such as the knee jerk, limb movements in 
response to electric shocks and eye-blink reactions to light and sound 
have been utilized; so also have salivation, pupillary responses to 
light and dark and the psychogalvanic reactions. None of these gives 
perfect results, but the psychogalvanic response and eye-blink may 
be conditioned with reasonable reliability in the majority of subjects 
without very lengthy training procedures. The ‘reflex’ suggested 
here, however, is the response of the hand to electric shock. This 
Tesponse may be conditioned with fair consistency in many people. 
And the choice has the advantages of requiring little equipment and 
of presenting a problem, which arises in the interpretation of the 
results of conditioning experiments, rather more clearly than do the 


other procedures customarily émployed when people, rather than 
animals, serve as subjects. 


We require first, then, a means 
shock to the hand of the subject, 
class. This may be achieved by 
which delivers the current thro 


of administering a suitable electric 
who may be a volunteer from the 
using an adjustable induction coil 


. à ugh two electrodes, one in contact 
with the palm of the subject’s hand and the other touching one or 


mere fingers. (Control of electrical circuits is conveniently by foot 

under the table in vitw only of the cl/ ss.) Altkough the intensity of 

the shock delivered by this means will be far from constant from 
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trial to trial, and from person to person, due ty variations of skin 
resistance, etc., if the shock is fairly strong such variations within 
and between experimental series will not be important for demon- 
stration purposes.* The induction coil may be adjusted to give a 
suitable output at the beginning of each experiment. This value 
should be such that the subject can endure a fairly long series of 
shocks and yet a rapid flexion and withdrawal movement of the 
subject’s hand should be elicited. There is, of course, a wide range 
of combinations of voltage and current which will produce this effect, 
and the choice from these will be determined by the apparatus avail- 
able. Conditions of safety require either that the voltage used be 
fairly low, or that a limit be imposed upon the possible output 
current from the coil. 

The subject is seated and one of his hands rests horizontally upon 
some support. One of the electrodes is placed upon the support so 
that, when the shock is administered and the hand moves, the subject 
escapes from shock; or both the electrodes are strapped or tied to 
the hand so that the response does not terminate the shock. Many 
have found, in a situation such as this, that the latter procedure is 
the more efficient. This is in contrast with the general finding in 
experiments using animal subjects, and this point will be discussed 
further below. We have, then, a situation in which an unconditioned 
stimulus, shock to the hand, elicits a reflex response which does not 
eliminate the stimulus. Almost any easily discriminable cue may be 
used as the conditioned stimulus. It is, however; necessary that this 
stimulus should not also, without training, elicit the hand reaction; 
and this point should be tested with whatever stimulus is chosen, 
before the conditioning procedure is begun, by presenting it several 
times in the absence of the shock. It will be assumed here that a 
buzzer will provide the conditioned stimulus. (The ‘buzz’ of the in- 
duction coil should be muted.) It occasionally happens that subjects 

* R thod is to strap 2 piece of flexible coppers 
say oe rer om oo which is soldered one electrode, comp oad 
round one upper arm; the other hand rests on an 8 x = nn 3 PEE 
of copper, nailed to a soft wood laboratory table with the = or 
trode soldered on to the copper. This has the navat pe S ir en ne 
arm is free and comp letely visible. n a er be carefully adjusted. 
not too tight, and that the ‘st -ength’ of the show a 

+ A car battery (6 v.) has veen satisfactorily used. 


177 


PSYCHOLOGY THROUGH EXPERIMENT 


will respond to alt.ıost any stimulus in a manner similar to their 
reaction to shock. This is one of the disadvantages which arise from 
the use of this method with people, for, even in the absence of 
preliminary instruction, the electrodes have a sinister aspect which 
will rarely escape the subject. Any sudden and pronounced stimulus 
will tend to provoke, both in people and in animals, some kind of 
startle reaction. In the present situation, the subject being more or 
less aware of the purpose of the experiment, this is likely to include a 
kind of withdrawal response which may, in some cases, be difficult 
to distinguish from the subsequent conditioned response. The best 
chance of eliminating this effect lies in choosing as the conditioned 
stimulus a signal which, though distinguishable without difficulty, is 
fairly restricted and not too vigorous. Thus, the note of the buzzer 
should not be louder than necessary; if light is to be used as the 
conditioned stimulus, a small patch of light on a screen should be 
presented, and so on. Given these precautions, it is unlikely that the 
conditioned stimulus will initially evoke the response which we wish 
to condition to it. But if, in a given subject, the response is obtained 
in these preliminary tests using the conditioned stimulus alone, we 
have no choice but to use a different stimulus or a different subject. 
For, clearly, we cannot demonstrate the acquisition of a ‘connection’ 
which seems already to be present. 

A further difficulty arises concerning the instructions which should 
be given to the subject. It is clear, at least in the case of people, that 
their initial reactions to the Situation will vary considerably in terms 
of what they believe is expected of them. Thus, one person may think 
he should be quite passive, another may think that any movement of 
his hand will disrupt the experimental procedure, a third may 
approach the task rather as a tesc of his endurance, and so on. One 
tends to feel this difficulty less acutely when animal subjects are 
used. But, although this particular aspect of variation between sub- 
jects may be less troublesome when animals are studied, many 

in. In the present instance the variability 

may be reduced to some extent by the use of more or less stan- 

dardized instructions. The subject may be told that shocks will be 

administered to itis hand at irregular intervals, that his hand may 

Move slightly, ‘automatically’, as a Co:tsequence of these, that he 

should not attempt to facilitate or inhibit this response which the 
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experiment is designed to investigate, that some Wther stimuli may 
be presented in the course of the series of shocks, and so on. It is, 
of course, essential that these instructions are not carried to the 
point at which the subject’s response may itself be regarded as the 
execution of the instructions given to him. If, for instance, we were 
to inform him explicitly that we were concerned to investigate how 
soon he would learn to associate the buzzer with the shock, the point 
of the experiment would be lost. Although it is desirable that the 
subject should receive preliminary instructions to the effect that 
shocks are to be expected and so on, and although these may serve 
to reduce the variability between subjects, it would be idle to pretend 
that this variability will thus be eliminated, or that all subjects will 
interpret the instructions, which in the nature of the case cannot be 
too explicit, in the same way. But it is the best that can be done and 
we must rely upon careful and detailed observations of the subject’s 
behaviour, and upon his replies to questions after the experimental 
series, in order to determine how far any two subjects have exhibited 
the same kind of behaviour for the same reasons. 

The following instructions have been used with considerable 


success, This is an experiment in learning. It is not a test of nerve or of 


endurance or of ability to be deceived. You are asked to behave in an 


entirely natural way, not moving from the chair but otherwise acting as 
you might imagine an animal would do in the same situation. Please do 


not make up your mind that you will, or will not, behave in a certain 
way. We are trying to find out what normal human beings do, not how 
em. It may if desirable 


much they can stand or whether we can deceive th f a 
be explained to subjects beforehand that these are the instructions 
ordinarily given to subjects who know nothing of psychology. In- 
structions may of course be repeaied if desired by the subject. 
Successful experiments have been Co e subject him- 
self reading the instructions. f 

After the preparation of the apparatus and subject, and after the 
initial tests to determine the neutrality of the conditioned stimulus, 


H itioned 
the conditioni . The temporal relations of the conditione 
onditioning proceeds. The UP mportance. It will probably 


and unconditioned stimuli are of great 4 

i i i ich the cen- 
be found that the most efficient procedure 1$ that ie eu 
ditioned stimulus précedes th? unconditioned py & cs 
Conditioning in a reasonable umber of presentations 1%, > 
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been obtained when the two stimuli are presented simultaneously. 
The choice of interval here involves not only a question of efficiency 
of conditioning. The kind of conditioned response obtained tends to 
vary with the interval. For this demonstration, great precision of 
timing is not required and it should be possible for the experimenter 
to maintain a sufficiently constant interval by manual operation of 
the controls of the stimuli. The intervals between successive pre- 
sentations of shock and buzzer should be irregular. For, if the com- 
bination recurs regularly at, Say, 20-second intervals, it will be found 
either that no conditioned reflex is established, or that trace con- 
ditioning is obtained. That is, subsequent tests will reveal that the 
hand response has been conditioned at least partially to the time 
interval between Presentations, and the buzzer, when presented 
alone, will be followed by the response only if it coincides roughly 
with the end of the inter-trial interval established during training. 
It 1S suggested that the time intervals between successive presenta- 
tions of the buzzer-and-shock combination should vary randomly in 
the range 10-25 seconds, having a mean value somewhere about 15 
seconds, Lastly, it has been found in animals in this kind of situation 
that conditioning is usually achieved most rapidly if the conditioned 
Stimulus ends as the unconditioned stimulus begins. Although the 


supremacy of this arrangement is likely to be less pronounced in the 
case of human subjects, a satisfac 


and finally switch off the shock after a 
shock, and (2) b time intervals, i.e. (1) between buzzer and 
ie (2) between combinations of these, must be distinguished.) 
trials should be presented in these time 
t to prepare a programme of the random 
those occasions upon which the buzzer 
determine whether conditioning has yet 
arranged that these test trials are not t00 
Shih: na an appreciable extinction effect will arise 
os y Prevent the formation of any pronounced overt con- 
ditioned reflex; and, also. 


they must for 
Sie : > not be presented regularly, 
ns er subject may well learn that on every nth trial shock 
i mitted. In this demonstration there conditions will be met if the 
uzzer Is presented alone, on average,’ every ten trials, but at random 
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points in the sequence. It is difficult to specify what degree of 
see to the buzzer alone should be taken as evidence of the 
Me = u response. The character of the movement 
a of Bie checked ject, the characteristics of the shocks, the 
eon A odes, and so on. Any criterion is somewhat 
itrary and is best determined in each particular situation. A 
response which bears a reasonable descriptive similarity to that 
elicited by the shock itself, and which is evoked by the buzzer alone 
with some reliability, may be taken as sufficient. When such a re- 
sponse has been obtained to the buzzer alone twice the frequency of 
the presentation of such test trials may be increased, say, to three 
in the following ten trials. If these further test trials also evoke the 
response; this part of the experiment is completed. If, however, this 
criterion is not met, we must repeat the original conditioning pro- 
cedure, followed by more special tests, and so on. There will be 
great variability in the speed with which conditioning will develop 
from session to session; but, usually, we may expect this procedure 
to produce reliable conditioning in well under one hundred trials, 
and first conditioning in about thirty. 
Discussion. Before proceeding to e* 
may be demonstrated in a subject thus conditioned, several points 
which arise from this simple demonstration deserve mention. The 
first of these concerns controls necessary to establish that an associa- 
tion has in fact been established between the conditioned stimulus 


and the response. The requirement that the conditioned stimulus 
should not originally evoke the response has already been mentioned. 


Attempts have sometimes been made to evade this requirement by 
comparing the degree of response to the unconditioned stimulus 
before and after conditioning trials. If the Jatter is greater than the 
former a conditioned ‘connection’ is presumed to have been estab- 
lished, or at least strengthened. This argument is rather unsatis~ 


factory. For it rests upon the assumption that a stimulus cannot 
as a consequence of the 


evoke a given response more vigorously; 4 
Tepeated production of this response by some other stimulus, by 
any means other than by the strengthening of a conditioned a 
nection, The plausibility of this assumption varies with the kind + 
experimental situation employed; but usually there 15 no direct 
evidence supporting it. Suppose, in this demonstration, 1t had been 
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found ia the initiay test trials that the buzzer alone showed some 
tendency to evoke a response which included a component similar 
to the conditioned response. Now the series of shock trials may be 
expected to place the subject under some stress and this might, in 
turn, make him more prone to respond to any stimulus. It is also 
likely to make the hand movement particularly ‘accessible’ in this 
sense. As it were, the response might become like a gun with a par- 
ticularly light trigger and any slight disturbance might release it. 
There is evidence both from common observation and from more 
experimental analyses of behaviour that this kind of effect some- 
times occurs. In the present case, we might then have obtained an 
enhanced response to the buzzer alone after a series of conditioning 
trials. But this would be due not to the formation of any ‘buzzer- 
shock connection’; it would be attributable rather to a more general 
‘toning up’ of the control system. This objection may be extended 
further to the case where the initial trials showed no tendency of 
the conditioned stimulus to elicit the response to be studied. For we 
have no evidence that the effect of the conditioning trials has not 
been only to make the response more ‘accessible’ in this way. It 
might be that no ‘connection’, either in a functional or in a physio- 
logical sense, had been established, 
This distinction between two kinds of way in which the efficacy 
of a stimulus, in the production of a given response, may be enhanced 
is to be found in the original theory of conditioned reflexes and in 
most subsequent hypotheses developed from it. Pavlov found it 
en to suppose that the condition of the cortex might vary 
. om. E ng and a comparatively excitatory 
a © Atst condition the activity of all reflexes, both con- 
Scrat and nenn, wi be dpsed; we in he second 
€ easily excited. This is one of the more 
bho and unsatisfactory aspects of the theory, but something of 
untae a at is it be given oP changes on 
tude of reflex responses wich ae json i 9 = omg 
disinhibition, and so on. It s nen i a al 
acceunt would contain tre ye m almost EN oe 
the formation of emai a a. an 
and so, if we wish to re ne generas facilitator y er : 
gard this demonstration of conditioning 35 
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certain situations. This is not so consistently found where human 
subjects are used. The importance of the instructions given to the 
subject has already been stressed, and it is clear that, in the case 
where avoidance is possible, this point is of especial importance. For 
any normal subject will soon learn that the buzzer precedes the shock 
and that he can avoid the shock by lifting his hand as soon as he 
hears the buzzer. What is he to do? If he thinks that he is free to 
move his hand as he wishes, or that the point of the experiment is 
to investigate his ability to associate buzzer and shock, he will soon 
learn to lift his hand to the sound of the buzzer, and will probably 
continue to do so indefinitely. Is this a conditioned response? Does 
the fact that it is purely ‘voluntary’ affect the issue? If, on the other 
hand, the subject supposes that nothing so simple as this can have 
been the experimenter’s intention, he may resist all movements for 
as long as his endurance lasts. It is extremely difficult to frame 
instructions to the subject which will not tend to commit him to 
one course or the other; and vaguely or ambiguously phrased instruc- 
tions are likely to be interpreted differently by different people. One 
possible wording has been suggested earlier in this chapter. 

. Considerations such as these lead one seriously to question the 
identity of ordinary learning procedures and conditioning of the kind 
described above. For the rapidity of avoidance learning, if it is per- 
mitted, merely emphasizes what is in any case obvious, that in this 
demonstration the subject must have learned or guessed that it was 
very probable that the buzzer would be followed by the shock long 
before the buzzer alone reliably produced the hand response. 

A number of points arise here. The difference between a voluntary 
response to the conditioned stimulus in an avoidance situation and 
the more automatic response iù this demonstration lies not only in 
the subject’s feeling of volition, nor in the rapidity with which learn- 


ing manifests itself. It is found that the nature of the response itself 


differs in the two situations, Unaided observation of a relatively 
= response of the kind exhibited here may not clearly reveal te 
erence. But in other situations, 


asure 
= where a ‘ate me 
f tl more accur: 


Course and character of the response may be recorded, 

or where the response is not limited to a comparatively small pr 

of the body, the difference is clear. Generally Speaking, in an avoid- 

ance situation the movement is a delicately controlled responie which 
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This may be demor.strated when the above conditioning process has 
been completed. The buzzer is presented at about the same inter- 
trial intervals as before, but the shock is discontinued. These trials 
are continued until the reaction no longer occurs in response to the 
buzzer. Several successive failures to react may be taken as a suitable 
criterion of extinction. Some five or ten presentations of the buzzer 
alone will usually be sufficient to produce the effect. 

Now, we might be inclined to misinterpret this demonstration in 
two ways. First, we might suppose that the ‘associative connection’, 
which was formed in the first part of the experiment, had now been 
destroyed. Second, we might regard this effect as somehow analogous 
to ordinary forgetting of, say, some skill. Both these are miscon- 
ceptions as reflection and further examination will show. 

(2) Disinhibition often, but not always, occurs when the condi- 
tioned stimulus of a conditioned response which has been extin- 
guished is presented again in conjunction with a third stimulus 
which is novel, unexpected and vigorous, It is then often found that 
the conditioned stimulus will regain its capacity to provoke the re- 
Sponse on this particular trial and sometimes on several succeeding 
trials when it is Presented alone without the new stimulus. An at- 
tempt may be made to demonstrate this effect after the preceding 
extinction trials. For this purpose, we require a rather startling 
stimulus which the subject has no reason to expect. These three 
characteristics, comparative unfamiliarity, unexpectedness and vio- 
lence, all seem to improve the chance of disinhibition occurring, al- 
though the effect is sometimes obtained when the subject expects that 
something unusual is about to happen, or when the new stimulus is a 
comparatively frequent event. The requirement may most easily be 
eee by an additional auditory stimulus, For a visual stimulus of 
Sufficient magnitude would be likely to involve so marked a change in 
the general illumination that observation of the subject might be 
hindered; and an unexpected tactual stimulus might require either 
additional apparatus, present from the start of the experiment, or 
some rather stealthy manceuvring on the part of the experimenter. 
The sound of a brick dropped on a tin tray, or the note of a vociferous 
hooter, should besuitable, It is, of course, necessary that the subject’s 
attention should not be drawn to the Presence ‘of any such mech- 
anism during the previous Stages of the experiment. This is easily 
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done by foot control of the hooter. (A slap on tke shoulder is also 
effective for disinhibition.) This disinhibition trial should be con- 
ducted immediately after the preceding extinction trial, the new 
stimulus being paired with the buzzer. No shock is given and the re- 
action is observed. If the conditioned response reappears, or does so 
partially, a series of extinction trials should be given until the cri- 
terion of failure to respond, which was employed in the initial ex- 
tinction series, is again attained. 

The frequent occurrence of this kind of effect makes it difficult to 
hold that the process of experimental extinction consists simply in 
the reduction of a previously acquired ‘connection’. Again, con- 
ditioned reflex theory must have recourse to reference to the general 
State of the system. It must be supposed that experimental extinction 
has a more or less generalized inhibitory effect, rather than an in- 
fluence upon the specific ‘connection’ established in the original con- 
ditioning. If it is further supposed that a new and vigorous stimulus 
temporarily dispels this inhibition, some account of these effects 
can be given. But these are rather arbitrary assumptions, and vague 
in any physiological sense. The same kind of difficulty is illustrated 
by two further effects which we may attempt to demonstrate. 

(3) Spontaneous recovery is the restoration of a previously ex- 
tinguished conditioned reflex, apparently as a simple function of time. 
If the subject who has undergone the above conditioning process is 
now allowed to withdraw from the experimental situation, and is sub- 
sequently tested once again with the conditioned stimulus presented 
alone, it is probable that the first few such presentations will again 
elicit the hand response. Within limits, the longer the rest interval, 
the greater is the chance of obtaining this result. A period of not less 
than half an hour should be allowed and an hour or more would be 
Preferable. The subject should spend this time in a different room 
from that in which the experiment is conducted and should not, of 
course, be engaged in any similar activity. A period of a en 
been successfully used, and conditioned reflexes are known to ave 
persisted for years. 


(4) A further recovery effect is revea pompan o 
number of trials required to demonstrate conditioning fir 
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original conditioning procedure is restored until the conditioned 
response is again reliably obtained, it will be found that a compara- 
tively small number of trials are required to produce once more the 
reaction to the buzzer alone. This ‘reconditioning’ process may fol- 
low on immediately after the spontaneous recovery test trials. 

Again, we must bear in mind the importance of control procedures 
in establishing our conclusions. It might be that the subject would 
have made the reaction to the disinhibitory stimulus without pre- 
vious conditioning and extinction. It might be, in the case of spon- 
taneous recovery, that the subject would have responded to the 
buzzer after the rest interval even if some other stimulus had pre- 
viously been used as a conditioned stimulus. And it might be, and 
probably to some extent would be, that reconditioning would be 
rapid when the conditioned stimulus used in the reconditioning 
trials was different from that used in conditioning. These and other 
Possibilities must be investigated before we interpret our results. The 
control procedures involved here will be analogous to those required 
in the case of the original conditioning, and will often be most easily 
handled by employing several groups of subjects. 

These effects emphasize again that extinction does not consist in 
the reduction of ‘processes’, ‘connections’, etc., built up during the 
training period. As before, within the framework of the theory of 
conditioned reflexes, reference must be made to the development of 
inhibitory conditions which prevent the operation of such con- 
nections, but do not disrupt the structures themselves. It must be 
supposed that this inhibitory condition is dissipated with time, thus 
allowing Spontaneous recovery; and the case of ‘re-conditioning’ # 
explained in terms of the retention of the original connections. 

If extinction effects are described in ordinary terms, it is clear that 
what has happened is not that the subject has ‘forgotten’ anything, or 
re-learnt anything; rather he has learnt something more.* In the 
initial conditioning procedure, the subject ‘learnt’ that the buzzer 
was followed by the shock 3 although here we saw that the develop- 
ment of the conditioned response could hardly be taken as a fair 
reflection of his associative Processes. In extinction, he learns that, at 
least temporarily, this conjunction no longer holds. But it appears 
that, if startled, he may behave as though it does; and if he returns to 

* Compare Freud’s theory of ‘forgetting’ (Ed.). 
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the situation after a period away from it, he is{nclined to behave as 
though he expected the original conjunction to be restored. Finally, 
he has certainly not ‘forgotten’ his experience of the conjunction of 
buzzer and shock, for he has to be presented with the combination 
but once or twice to revert to his original response. As it were, he 
selects one of two hypotheses — that the buzzer will, or will not, be 
followed by shock - and behaves accordingly until the combination 
of stimuli presented to him indicates that a new phase has been en- 
tered for which the alternative hypothesis is correct. When regarded 
in this way, the notion of a gradual development of ‘associative con- 
nections’ and of their suppression by inhibition seems rather mis- 
leading; and, at the end of the experiment, the subject should be 
questioned about his expectations, the volitional aspects of his re- 
sponse, and related matters at the various stages of the experiment. 
[Many subjects for example have reported that ultimately their re- 
sponses were ‘quite automatic’.] This may indicate how far we may 
regard the development of the conditioned response as a reflection of 
the process of association of the two stimuli. And it is important to 
have the subject’s report about the later stages of the experiment for 
the additional reason that if he were aware of, or guessed, the results 
to be expected, some might not wish to regard the experiment as 
demonstrating any basic learning process in a simple form. 


We have demonstrated, then, an instance of the acquisition of a 


response to a stimulus, and of the inhibition of this response, of a 


kind which we may wish to describe as learning. But the inter- 
pretation ofthe experiment is complicated by the fact thathuman sub- 
jects do not approach such a situation without preconceptions. And 
we have seen reason to believe that this kind of conditioning, which is 
that which Pavlov’s theory is directed to explain, cannot be taken as 
reflecting, in a direct manner, 4 simple associative process typical of 
human learning. We therefore search for some other method of in- 
vestigating the properties of these hypothetical ‘connections’. 


DEMONSTRATION II 


Many of the difficulties in the interpretation of this study of,con- 

ditioned reflexes afose from the fact that we were regarding the for- 

mation of associations as something that could be created, as it were 
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from outside, by ou? experimental manipulations. The subject was 
not given a task to perform, neither was he asked to associate to the 
best of his ability. This, indeed, had to be avoided. A more realistic 
way of studying the process of learning might be to require the sub- 
ject to perform some task which involves learning, and to ensure that 
this task is of sufficient difficulty to expose the progress of learning to 
observation. When compared with the method of conditioning, the 
various methods by which we may attempt such studies all tend to 
suffer from one apparent complication. In experiments of the kind 
described above it is unlikely that the subject has previously experi- 
enced buzzer-shock combinations. While allowing great variability 
between subjects for other reasons, we tended to suppose that, to begin 
with, all subjects would be substantially similar in the degree to which 
they had already learned that buzzes are followed by electric shocks. 
When we set a subject some more complex task, however, it is difficult 
to make this assumption so confidently. If, for instance, the subject 
is required to memorize some passage, it is only to be expected that 
his performance will vary according to his previous reading, interests, 
and so on. And these variations may be very considerable. If we set 
the subject some motor skill to learn, his performance will be facili- 
tated or disrupted according to the range of similar skills he has pre- 
viously mastered. It is worth noticing that the difference between 
tasks of these kinds and that which faces the subject in the simple 
conditioning situation is one of degree only. Some subjects may have 
had more experience of listening to buzzers, 
with electric shock, than have others. And this may affect their per- 
formance. Further, the complicating effects of previous training are 


not confined to experiments involving human subjects. It will be found 


that such difficulties also arise in almost any study of animal learning. 
A partial remedy for this diffi 


culty may be gained by the use of 
nonsense-syllables. (See also chapter on “Remembering’.) Although 
it certainly cannot be claimed that these are quite meaningless, and 
hence free from previous associations, the variability introduced by 
this residual meaning is very much reduced in comparison with 
that found when ordinary words are used. Indeed, Ebbinghaus’ 
original findings (2885; 191 3. See references, chapter on ‘Remember- 
ing’) have for tHe most part fully been confirmed although he made 
no allowance for the variation of ‘association value’ among the 
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syllables he used. This ‘association value’, i.e. tht average tendency 
for subjects to associate with a given syllable some word or meaning, 
has since been determined. Thus, it is possible to compile lists of 
syllables of roughly the same average association value. Although, 
often, a particular syllable will bear a special meaning for a par- 
ticular subject, we may hope that this means of standardization, 
taken together with the use of a number of subjects and suitable 
control procedures, will substantially eliminate masking effects 
arising from the particular syllable used. On the whole, the rather 
extensive research which has employed this kind of material seems 
to bear out this expectation. (See Stevens 1951.) 

If a subject is presented with a list of syllables to memorize, be- 
tween what, in terms of theory of ‘associative connections’, are such 
links formed ? The most simple theory would be that the links are 
built up between the first syllable and the second, the second and the 
third, and so on; or, perhaps more accurately, between the brain 
structures or systems which are excited in the perception of the syl- 
lables. Alternatively, it might be that the links are formed not between 
the stimuli, or the reception areas for these, but rather between a 
syllable and the verbal response which is the enunciation of the next 
syllable. This latter formulation has the apparent advantage of ex- 


plaining how the subject learns to make the response required of 
him, as opposed to learning only what the next syllable is. Important 
but they are not immedi- 


considerations arise from this distinction; 
ection’, as it is now being 


ately relevant here and the notion of a ‘conn 
used, is so vague that it may be doubted whether very much is gained 
by attempting to pass from stimulus to response at pne stride. In 
either case, we are to contemplate a sequence in which each syllable 
serves as a stimulus for the reproduction of the next via some form of 
association between the two. This view has prima facie plausibility 
when we remember the common experience of ‘losing one’s place’ in 
the recitation or instrumental playiug of something learned by heart 
and having then to begin afresh. Two demonstrations arising from 
this simple theoretical framework are suggested here. 

Associative sequences. According to this simple theory, the recall of 
any given item in a listof syllables is triggered, via a hypothetical link, 
by the presentation Gf the preceding item in the list. Hence, having 
learned such a list, it should not be possible to repeat the items in a 
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changed order. For the order is regarded as an essential aid to repro- 
duction; the learning is not of items and of the order in which they 
were presented as two distinct factors. This point may be tested. 
Now common experience suggests that it is almost certain that if a 
subject memorizes a sequence of items of this kind, and is called 
upon subsequently to reproduce them in a changed order, his per- 
formance will fall far short of the degree of perfection exhibited at the 
conclusion of the original learning. But will he be completely at a 
loss ? Does the initial learning of the list contribute nothing to the 
task of recounting the items in the new order ? The hypothesis pre- 
dicts that to learn the list in one order would impair ability to repro- 
duce the items in a different sequence. For a given syllable will tend 
to evoke that associated with it in the initial learning, and hence any 
new association would need to be ‘stronger’, in some sense, in order 
to overcome this competition. It is not enough, however, that the 
subject should show little or no ability, in the early learning trials on 
the revised list, to reproduce the items composing it in the correct 
order. For it is very difficult, in any case, to say what degree of suc- 
cess would be expected by chance alone in this situation — i.e. if the 
subject were guessing. And, further, it is perfectly possible that the 
subject might have gained some benefit from learning the list in the 
original order which does not manifest itself when he is first called 
Pon to attempt the changed sequence. Observation of the early 
learning trials after the change of order may not, therefore, be suffi- 
cient to test the hypothesis, Instead, the ‘saving’ method is used. 
(See also the chapter on Remembering.) The subject learns the list in 


to recall the item appropriate to the 
of these scores for the two sections 
bution, favourable or adverse, the 
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We now require a method of presenting matérial to be memorized 
which permits a score of the subject’s errors to be obtained. For 
instance, we might recite the list of syllables to the subject, require 
him to attempt to repeat them, recite again, and so on, until the list 
has been memorized. For this demonstration, however, the ‘anti- 
cipation method’ (see again the chapter on Remembering) will be 
more convenient. The syllables composing the list are presented for 
brief intervals in sequence. When the subject sees or hears the first 
syllable he has to respond with the second; when the second appears, 
he has to anticipate the third, and so on. Some starting signal is used 
as a cue for anticipation of the first syllable (e.g. the experimenter 
holds his pencil up). In this way, the subject is given equal oppor- 
tunities, in terms of time, to recall each item and he finds out almost 
at once whether his anticipation is correct. Itis found that immediate 
correction of this kind is an important factor in many learning tasks. 
In this situation, we score as an error any failure to anticipate the next 
syllable correctly, whether this takes the form of no response or of an 
incorrect response; and the subject continues until he has obtained 
the criterion of two consecutive error-free attempts. It is found con- 
venient for experimenters to use slips of paper with appropriate 
digits to be ‘ticked’ for successes, etc. 

If possible, the material should be presented by means ofa ‘Memory 
drum’, If this is not available, the syllables may be written on cards, 
which are placed regularly before the subject, each one on top of the 
preceding one. In this way it is possible to present each syllable for 
very roughly the same duration.* But it should be stressed that, even 
for a small scale experiment of the kind contemplated here, the mem- 


ory drum is far from an unnecessary refinement. It will be found that 
there is a surprising degree of vaziation in the rhythm with which 
cards are placed before the subject. The task of the experimenter 1S 
complicated by the need to maintain a record of errors; and that of 
the subject by variation in the manner of placing, etc.» which, by dis- 
traction and so forth, will introduce further variability into an already 
complex performance. The lists should consist of ten or twelve syl- 
lables drawn at random from a table of syllables of low association 


i dat 
value (see Hilgard, in Stevens 1951) and they should be presented a 
* An ordinary metronome has been successfully used t 
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about 2-second intervals preceded by some warning signal which may 
be a line, symbol, or even a further syllable which the subject is not 
required to remember, or a gesture, also presented 2 seconds before 
the first item on the list. Three such lists should be prepared. The 
first two consist of different syllables, and the third is composed of 
the same syllables as the second list, but in a changed order. We 
must select from the possible variations of the order, for it is feasible 
to investigate satisfactorily the effect of only one such change in each 
subject. We shall not necessarily expect all such variations to show 
the same ‘saving’. Thus, if the list is rearranged by placing the syl- 
lables, numbered in their original order, in the sequence, I, 3, 4 7» 95 
II,2,4...the effect may well be different from that obtained with a 
random transformation. The rearrangement I, 12, 2, II... might 
have intermediate effects, or possibly be as difficult to learn as a 
sequence random with respect to the original list. If the experiment 
can be repeated, perhaps with the roles of the experimenter and sub- 
ject reversed, two different orders may be compared. A short inter- 
val, of about one minute, should be allowed between each trial and 
the next; and a longer period, of between 5 and 10 minutes, between 
the completion of the learning of each list and the beginning of the 
next. The scores relevant to the present problem are, of course, 


those for the second and third list, The results will be expressed as a 
‘saving’ value, as described above. 


Discussion. This procedure seems strai 
saving score is positive, that is, 
quickly and/or with fewer errors 
that the original, learning favoure 
have grounds for doubting the 


tween adjacent items were lear: 
perilous. 


ightforward enough. If the 
the rearranged list was learned more 
than in its original form, we conclude 
d the subsequent task. And hence we 
hypothesis that only associations be- 
ned in this task. But this conclusion is 
There are at the very least two control conditions about 


which we need to be satisfied. The reasons requiring the use of more 


than one subject have already been given. It might well be that, in 
this demonstration, 


the particular order of the syllables used in the 
rearranged list touched upon some associations already established in 
this particular subject, and that he therefore found it easier to learn 
the list in this order than in its original form. Even with the use of 
nonsense syllabies of low association value, and with the results of 
two subjects, we should not feel very confident about ruling out this 
194 


LEARNING 


possibility. Second, we need to know that improvement or impair- 
ment relative to the list in its original form depended upon the use of 
the same syllables in the two tasks. For it is perhaps not surprising 
that a general practice effect is commonly found in experiments of 
this kind. If a subject learns a series of quite different nonsense syl- 
lables, it will be found that, up to a point, and under certain condi- 
tions, the efficiency of his learning improves with each successive 
list learned. Thus, any improvement found in the case of the list in 
revised order could be attributed to a generally improved capacity for 


learning of this kind, and therefore the results will not bear on the 
Since this improvement is most marked 
onsense syllables, an initial list was 
to reduce the extent of this factor. 
likely only to have taken the edge 


hypothesis we set out to test. 
in the early stages of practice with n 
learned in this experiment in order 
But, so to speak, this procedure is 
off the phenomenon. A satisfactory control here would require that 
the subject should have reached the asymptote of his efficiency. This 
requirement is seldom in practice assured. For different subjects will 
reach their asymptotes after different amounts of practice, and there is 
no guarantee that, after this point, performance will remain constant. 
Obviously, if practice is protracted, fatigue and boredom will lead to 


diminished efficiency; the range of nonsense syllables is necessarily 
limited and the use of some of them in more than one list may intro- 


duce further complications, and so 0n- Again, the use of many sub- 
jects is indicated. If a good deal of preliminary practice is given, 
inspection of their performance may reveal a point at which at least 
the majority are approaching 2 stable level. If the experiment 15 car- 
ried out at this point, and the difference in performance on the list in 
its two forms varies significantly from that between the list in its first 
order and the immediately preceding list, we may be more confident 
in our interpretation. Or, if it is found that the difference does not 
vary significantly from the trend exhibited in preceding practice we 


may reject with greater confidence tae hypotheses that learning alist 
in one order impairs, OT improves, our ability to learn itina revised 
order. It should be stressed that the use of the term ‘significant here 
carries no special implications; we simply set a statistical limit on 


what we will accept aS convincing evidence. 
Associative links. Burther experiment. A second ex! 
gested by the hypothesis of the formation of associative 
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adjacent items. From this point of view there is no obvious reason to 
expect that the efficiency of learning would depend upon the position 
in the list of the items to be recalled. The association between the 
first two items should be established at the same rate as that between, 
say, the sixth and seventh syllables. This in fact is not true, as in- 
spection of the error scores in the last experiment will probably 
show. But, since we wish to investigate this matter in a little more 
detail, it is necessary to repeat the first part of this experiment for 
purposes of comparison. It will be assumed that, in this experiment, 
the same subject or subjects will again serve. 

Method. A new list of 12 syllables is accordingly presented, in the 
manner described before, until the criterion of learning has been 
attained. The same time intervals, etc., should be used, and it is par- 
ticularly important here that the nonsense syllables should be of low 
association value. It will probably be found that the error scores show 
that the first and last syllables are very easy to learn, and that the 
othersyllables are much more difficult. Most subjects will also find the 
second and eleventh syllables comparatively easy and the third and 
tenth syllables may also Prove to be easier than the remainder. Thus 
the pattern of results obtained from most subjects, and almost in- 
variably found when the results from many subjects are combined, 
shows that it is increasingly difficult to learn the syllables as the list 
proceeds, up toa peak of difficulty in the region of the middle to two- 
thirds of the way through the list; and that thereafter it becomes pro- 
gressively easier to learn the items, the last syllable being about as 
easy as the first. Thus, if we plot the number of errors against the 
twelve positions in the list, we obtain a curve in the shape of an in- 
m ‘U’, with its peak somewhat displaced towards the end of the 
ist. 

As in the preceding experiment, the subject is now required to 


learn a second list in the same way. In this case, however, the second 


list is composed of different syllables, but of the same low association 
value. The further modification 


l is introduced that an item in the list, 
placed in the region of maximum difficulty, say in the seventh posi- 


tion, differs from the others in some distinctive way. For instance, the 

Seyenth item may be printed in large red letters, while the other 

syllables are in small black type; or the distinctive syllable may be 

Printed in the same way as the others, but be accompanied by some 
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symbol, such as a line or a cross. We may, of curse, go further and 
substitute a word or number for the seventh syllable, but this may 
require additional control procedures. With the syllable thus dis- 
tinguished, this second list is learned. It will be found that the dis- 
tinctive item is learned relatively easily, although performance on the 
first list shows that it occurs in a region of comparative difficulty. It 
may also be found that syllables immediately preceding and succeed- 
ing the seventh are easier to learn than their counterparts in the first 


list. 
Discussion. It is clear that the hy; 


jacent items, in its simple form, has no 
It would predict neither the comparative difficulty of the middle of 


the list, nor that this could largely be overcome, in the case of a par- 
ticular syllable, by somehow distinguishing it from the others. Before 
considering the implications of this finding, however, we should 
again review the control conditions necessary to confirm it. It seems 
unlikely, in this experiment, that the difference in performance in the 
two tasks can be attributed to any general practice effect, for here we 
are concerned not with overall changes in efficiency of learning, but 
with improvement on selected items within the task. This possibility, 
however, though remote, cannot be altogether ignored. For it is pos- 
sible for the subject, by means of a deliberate strategy in his attempt 
to memorize, to produce results at least partially similar to those ob- 
tained in the second list. This will occur if the subject decides, at 
least for the carly learning trials, to learn only the first one or two, the 
last one or two, and some arbitrarily selected syllables from the mid- 
dle of the list, It might so happen that he chose the seventh syllable 
to learn in this way, and that he would have chosen the seventh even 
if we had not made it distinctive. It might further be that the subject 
would only adopt the stratagem after the not altogether encouraging 
experience of learning the first list. Two controls are desirable, of 
which only one is practicable here. Ifthe experiment 1s repeated, with 
the roles of subject and experimenter reversed, and with the list con- 
taining the distinctive item learned first, we should be able to ascertain 
whether the results are due to a change in the subject’s strategy aS a 
consequence of learning 4 preliminary list. It will be found that this is 
not usually a preddminant factor and that the same 


pattern of results 
will be obtained whichever order of presentation of the two lists is 
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used. The second control procedure involves varying the position in 
the list of the distinctive item in a series of experiments. If it is con- 
sistently found that it is the distinctive syllable and its neighbours 
which are learned more easily, we may be reasonably confident that 
the effect depends directly upon this experimental manipulation. 

We also need reason to reject the hypothesis that the difference in 
error scores for the distinctive syllable and for its counterpart in the 
first list is merely a chance variation, due to some transitory fluctua- 
tion irrelevant to the point of the experiment. As before, this is to 
Say that we must set a criterion of how consistent the effect must be 
before we shall be prepared to attribute it to the experimental vari- 
able. If results are obtained from a large number of subjects, and 
every one of them finds the distinctive syllable easier to learn, we 
may draw this conclusion with some confidence. In the absence of so 
clear-cut a result, a statistical analysis is required. 

If we wish to conclude from evidence of this kind that learning is 
facilitated in the region of ‘distinctive? items, we have to define what 
Constitutes ‘distinction’. Will this mean certain types of stimuli: for 
instance a red nonsense syllable might always be more ‘distinctive’ 
than one printed in black. Or is distinction to be defined in terms of 
the composition of the rest of the list? In order to separate the effect 
of such variables, further experiments are necessary. We might com- 
pare the effect of including one black syllable among a list in red, with 
that of including one red among black, and so on. Generally speak- 
ing, it will be found that the effect depends principally upon the 
relation of the syllable to the remainder of the list and for this reason 
it has been described as an ‘isolation’ effect, Thus, if we make all the 
items of the list as different from each other as possible we shall up to 
a point obtain greater overall efficiency of lestaing, But, granted 
individual Variations, we shall still obtain the inverted ‘U’ curve of 
difficulty as a function of serial Position in the list, although the effect 
may not be so marked. The isolation effect, on the other hand, de- 
a: upon a pronounced difference in the midst of similarity. It is 
ing Bare ga Cm ot 
findings which seem to be simil T en eae sie 
whether it be in tertiis of interfe ~“ ap en nikon a 
ee: S of interference, inhibition in some more rea 

> OF m yet some other form, remains to be established. 
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Phin om se that the hypothesis of associative connections 
nee = > items leaves much to be explained. This is not to 
nr me a in the idea. But even these simple demon- 
ao that if it is to serve at all, it must be supplemented and 

edwith much greater precision. We have empirical grounds for 


believi A s 
elieving that serial learning of this kind does not consist only in the 


formati i 
ation of connections between one item and the response to the 
kind of mechanism is in- 


next; and also for believing that whatever 

Pini ae: of this kind, it does not treatallthe segments of such 

ren s with the same facility. It is not like a tape recorder 

ip Be D we fidelity all the sounds fed into it. The interpreta- 

= a n drawn from the study of conditioned reflexes 

en cu ties in the idea of the formation of ‘connections’ 
o stimuli. For it appeared that the unconditioned response 


a i er 
s not simply attached to the new stimuli. Rather, some new re- 


s h cep ae 5 
ponse was learned which, while it might sometimes resemble the un- 
itin important respects. One 


conditioned response, was different from 

of these was that it was adaptive in the sense that it was directed to 

nes the subject to deal with some present or expected situation 
nner calculated to ac s. These considera- 


ti hieve certain result 
ons prompt an examination of a further development of the ‘con- 
nection’ hypothesis.* 
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hypothetical connections, the formation of 
uch that an, association is 


er than between adjacent 


We suppose that the 
which provides the basis for learning, are s 
formed between stimulus and response, rath 
stimuli. Thus, a stimulus comes to elicit a response, rather than the 
expectation of a subsequent stimulus. The preceding demonstrations 
can be interpreted in either of these ways. Within the framework of 
the study of conditioned reflexes the conditioned stimulus may be 
said to become linked either with the receptive mechanism for the 


unconditioned stimulus or with that controlling the response; and in 
Jlables, we may say either that 


the case of the learning of nonsense Sy 
were dso used in the 


* It has been noted that ‘nonsense syllables’ so used in ! 
difficult to distinguish 


chapter on Remembering; indeed it is often Oy dis 
sare ordinarily used. 


between Remembering and Learning 29 the term 
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one syllable is a stimulus which becomes linked to the next, enabling 
us correctly to anticipate the latter, or that each syllable serves as a 
stimulus which is connected to the response which is the enunciation 
of the syllable next in the list. Here, we suppose explicitly that the 
connection is between stimulus and response, although it may be that 
the very simplicity of this assumption lends it a certain implausi- 
bility. f 
Now, without further assumptions, this system would not in fact 
manifest learning; for all combinations of stimuli and responses 
would be linked together, and thus there would be no basis for the 
development of anything but a virtually random association between 
the two. The very nature of learning involves the selection, from a 
varied repertoire of responses, of some particular elements which are 
to be associated with particular stimuli. It is here supposed that this 
selection is achieved by what may be called a ‘success signal’. Thus, 
if a stimulus is received and a response is made soon afterwards, a 
permanent ‘connection’ will only be made between the mechanisms 
involved if the combination is followed by a ‘success signal’ within 
some critical time. This means of selection carries with it the impli- 
cation that learning will occur only when the subject is attempting to 
achieve some goal. Passive ‘association’ of the kind discussed in 
relation to conditioned reflexes is not allowed for; and these condi- 
tioning studies must be reinterpreted if they are not to be exceptions 
within the present framework. The introduction of success signals 
thus provides the adaptive aspect of learned behaviour, the lack of 
which created difficulties in the analysis of conditioned reflexes. This 
corollary, that learning can only occur when the subject addresses 
himself with some success to the mastery of a task, may seem improb- 
able. It is not, however, obviously false and, if precisely stated, it 1S 
open to investigation. : 
The identification of the success signal is a complex question 
giving rise to much controversy. {t will not be examined further here. 
In the absence of any decision upon this point, however, we require 
for experimental work a situation in which, on general grounds, we 
may feel reasonably confident that, even if we cannot specify the 
Success signal with any precision, or assume that only one kind of 
signal is present, at least we can determine and manipulate the pre“ 
dominant incentive for the subject. It is often difficult to devise such 
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a situation when j 
seek and their Stee oe ae ae | 
If, however, animal subjects are used. in au : re ws nn 
so to deprive them of food that we a er es a aca 
of their behaviour is the need for ae = een 
factors other than food may constitute relativel wi er me 
: ely minor success sig- 
nals. The following experiment, using rats as subjects, bears upon 
this version of the ‘association’ theory. 

Method. On the view outlined above, learning consists in the for- 
mation of connections between stimuli and responses, contingent 
upon the accompaniment of a success signal. Conversely, learned 
behaviour will be suppressed, or altered, by the exercise of a learned 
response which is no longer followed by this signal. We shall attempt 
to investigate this point. Suppose an animal is trained to make some 
response, involving a clearly defined choice, in order to feed. In terms 
of this theory of connections, it should abandon this acquired be- 
haviour only if, during several abortive trials, it finds that the re- 
onger leads to food. This prediction may be tested by so 
rat can discover that the learned response 
t actually making it. If the animal is now 
it should, theoretically, react as be- 
ercise of the response will result in 

between it and the stimulus. A 
which such behaviour may be in- 
al remarks about the use of ani- 


sponse no | 
arranging matters that the 
will be unsuccessful withou 
given the opportunity to respond 
fore. For only the unrewarded ex‘ 
the suppression of the ‘connection’ 
simple maze provides a situation in 
vestigated. (See chapter 7 for gener 


mal subjects.) 
An ordinary single unit maze is required to train the animal to 
enter one of the arms of the T to obtain food. The dimensions of 
y-width of 4 inches and wall- 


the maze are not very critical. An alle 
height of 6 inches are suitable. The stem of the maze, and each half- 


section of the cross-piece, should be about 2 feet long, providing a 
distance of about 4 feet from the erd of the stem of the T to the end 
of either section of the cross-piece. To each end of this cross-piece, 
goal box enclosures about 9 inches square and of the same height as 
rest of the maze should be added. The apparatus may be constructed 
of wood or of metal and should be provided with some form of wire- 
mesh roof. It must de possible to remove sections of this roof easily 
and silently to permit the introduction and extraction of the animals. 
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Two vertically sliding doors are required, placed just beyond the 
entrance to each section of the cross-piece. These should be oiled and 
fall silently upon some form of soft pad fixed to the floor beneath 
them. The doors will be lowered after the animal has passed beyond 
them and it will probably be found that this may most easily be done 
by suspending the doors on strings by which they may be lowered. If 
possible, the experiment should be conducted in a darkened room, 
illumination being provided by two lights of about 30 watts suspen- 
ded about 12 inches above the two sections of the cross-piece of the 
maze. This arrangement tends to restrict the animal’s attention to 
the inside of the maze and to be less alarming in the initial trials. 
But, provided lighting conditions remain more or less constant, the 
experiment may be carried out in normal room illumination. One 
section of the cross-piece of the maze, together with the associated 
goal box, should be painted white, and the opposite section and goal 
box painted black. The stem should be grey. Other major discrepan- 
cies between the conditions in the two sections of the cross 
will, of course, be avoided - e.g. gross variations of temperatu: 
As far as possible extraneous noise should be eliminated, but i 
likely that any marked degree of sound- 
should, however, be feasible to avoid su 
while an animal is actually in the maze. 
are contained during the experiment s 
in relation to the two goal boxes — 
for, otherwise, the rat may prefer 
this seems to afford a better chance 
less frightening cage, 


-piece 
re, etc. 
tis un- 
proofing will be possible. It 
dden, loud noises, especially 
The cage in which the animals 
hould be placed symmetrically 
e.g. behind the stem of the maze $ 

one goal box to another because 
of return to the more familiar and 


‘training’ period, when the rats y 
the goal boxes; the ‘latent extincı 


mals will be placed directly into the goal box in which they have pre- 
viously fed and find that food is 


3 1 ; no longer present ; and, finally, the 
extinction trials’ in which the ani 


completed, and the extent to which previously 
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trained animals are used, will depend upon the®time available. The 
crucial part of the demonstration arises, of course, in the last two 
stages, both of which are conducted on the same day. But it is very 
desirable, both on general grounds and for practical reasons con- 
cerned with the handling of the animals, that the training stage 
should also be carried out by the same experimenter, and this re- 
quires a period on each of the two days preceding the extinction day. 
The pretraining is a crucial preliminary to most animal experiments, 
and, in this case, requires a rather short period of time on the five 
days preceding the first training day. The methods applied in all four 
stages will be outlined briefly below. 

Four rats are required. They should be males and about four 
months old. The method of housing will depend upon the facilities 
available, but it will suffice, and may indeed be an advantage for the 
purposes of this demonstration, if they are maintained together in 
one cage. 

Pretraining. This should be carried out in the room in which the 
animals are subsequently to be trained and, as far as possible, in 
roughly the same position. The rats’ cage should be placed in the 
position which it will subsequently occupy and lighting and other 
conditions should be roughly similar to those which will be encoun- 
tered later, The rats will be hungry, the run taking place about 4 
hours before the usual feeding-time. If circumstances permit, all 
stages of the experiment should be conducted at about the same 
time of day. The animals are placed singly on a table, upon which 
there are several small heaps of food pellets, for about 10 minutes. It 
will be found that they will be reluctant to eat at first; but, after one 
or two days, they will run directly to the food. Each animal should be 
lifted two or three times during each daily period on the table and 
replaced in a different position. When all four rats have been treated 
in this way, they should be allowed food in their cage for about 2 
hours. The procedure is repeated ca each of the five days devoted to 
Pretraining. 

Training. The maze is set up as described above. In one corner of 
one of the goal boxes, invisible from the choice point of the maze, a 
small pile of food pellets is placed. For two of the rats, Pair 1, the 
food should be placed in the white goal box; for the other two, Pair 2, 
food will be found in the black box. Each animal is given a total of 
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ten trials each day;run alternately within each pair, that is, the first 
animal of Pair ı has his first trial, the other member of the Pair 
his first trial, and then the first member runs for the second time, 
and so on. Pair 2 is trained after Pair 1. On each trial, the two doors 
beyond the choice point are raised, the animal is put into the end of 
the stem of the maze and the appropriate door is lowered after the rat 
has passed beneath and well beyond it. Great care should be taken 
not to drop the door when the rat is within a few inches of it. For, 
even if the door does not actually touch the animal, such an experi- 
ence may be sufficient to establish a very persistent avoidance of this 
alley in future trials, or, possibly, to induce a state of immobility for 
the rest of the experiment. The rats will be hungry as in the pre- 
training stage, and should be allowed about 30 seconds in which to 
eat when, on correct trials, they choose the side containing food. This 
time is measured from the moment at which the door is dropped 
behind the animal and, when an incorrect choice is made, the rat is 
detained in the empty alley for the same period. Each rat should be 
given ten such trials on both of these two days, being retained in the 
cage with the other animals between trials. If possible, training 
should be continued for a third day; but, if this is impracticable, and 
the animals have made few or no errors on the second day, two days 
will suffice. The time taken to make a choice, i.e. from the moment 


of entry into the maze until a door is dropped, is recorded for each 
trial. Errors are similarly recorded. 


According to laborator: 
decide how far members 


pair. And, indeed, if 
the point of the de 


á however, that 
some difference in 


Ferformance will be found, and that rat which 
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made the smaller number of errors on the last Gay of training should 
be selected for use in this stage of the experiment. These rats are 
placed by hand directly into the goal box in which they have pre- 
viously been rewarded. On this occasion, however, and for the rest 
of the experiment, food is removed from the maze. The doors 
separating the goal alleys from the stem of the maze are closed, so 
that the rat is unable to leave the empty goal box and section of 
alley. The animals are retained in the goal box for about 2 minutes. 
As before, the trials are conducted alternately, so that the first rat 
spends 2 minutes in the black goal box, the member of the other pair 
is then placed in the white box, then the first is returned to the 
black box, and so on. Each rat should be so treated four times, 
returning to the cage between trials. The experiment then proceeds 
at once to the last stage. 

Extinction. Here all the rats are once again employed, and ten 
trials are again run in exactly the same manner as in training, the 
only difference being the absence of food in the maze. It may be 
found that after several such trials some of the rats will no longer 
leave the stem of the maze for either of the two arms. It is suggested 
that a time limit be imposed in such cases after which the animal is 
removed from the stem. This limit is best determined in the light 
of the behaviour of the rats at the conclusion of training; it will 
probably be found that about 2 minutes is an appropriate criterion. 
The time required for a choice is recorded as in training, together 
with a score of errors. When an animal fails to make a choice, the 
trial is scored separately, and the latency of the response is taken to 
be the criterion value. (See also chapter 7, ‘Experiments on Animals’.) 

Discussion. A comparison of the performance of the rats which 
experienced the ‘latent inhibition’ trials, with their counterparts 
which did not, should reveal whether experience of the empty goal 
box, without the exercise of the responses normally required to 
reach it, tends to hasten the ordinary process of extinction. Four 
scores may be compared: (1) number of entries into the incorrect - 
i.e. previously unrewarded - arm in the extinction trials; (2) number 
of refusals to make a choice within the time limit imposed; (3) these 
two scores combined — i.e. a refusal is counted, as an error; (4) 
latency of choice. it is usually found that the animals which have not 
experienced the empty goal box persist in unrewarded runs to it 
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longer than do animals which have previously found it empty. This 
result is amply confirmed in experiments ona larger scale. re 
Again, in the interpretation of this finding, we must Me er 
necessary control conditions. We wish to establish that a di Ex 
found in the behaviour of the two groups of animals is due specifica! ly 
to the experience of an empty goal box. Hence, it is necessary to tule 
out at least the alternative hypotheses that the ‘latent inhibition 
animals would in any case have been more subject to extinction; or 
that, although this more rapid extinction was due to the different 
experience of the animals before the extinction trials, the relevant 
aspect of this experience was, for instance, that of being handled, or 
of being placed directly in the food chamber. The evaluation of such 
hypotheses as these requires the use of a larger number of animals. 
The first possibility may be countered to some degree by so selecting 
the animals that those allotted to the ‘latent inhibition’ group show 
a performance roughly equivalent to that of the control group during 
the initial training Stage. It will be arranged that any difference that 
may exist between the performance of these two groups should be 
unfavourable to the hypothesis of ‘latent extinction’. In this case, an 


de on a small scale by forming the 
he two animals which showed the 


things being equal, these rats wi 
least, we should not expect the 
of trials than their more back 
however, that animals which le: 
guish more quickly, requires c 
further studies in similar situa 
to be correct of necessity; 
two groups in the trainin: 


m to extinguish in a smaller number 


arn more quickly do not also extin- 
onfirmation to be obtained only from 
tions. Certainly, it cannot be assumed 
and hence the fairly close matching of the 
8 Stage, requiring the use of a sufficient 
number of subjects, is of very great importance. The elimination of 
the second Possibility, that the difference in performance between 
the groups is attributable to differences in handling, etc., requires 
the employment of additional animals, differently treated. Thus, 


We may use groups which are lifted from their cages and returned to 
them, but which are not, 


as are the rats in the ‘latent inhibition’ 
group, placed in the empty goal chamber, Another group may be 
Placed for an equal time 


in a new and distinctive box; and yet a 
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third group placed in the goal chamber of the maze with food present 
as in the training stage. From a comparison of the behaviour of such 
groups, we should be able to determine, with reasonable confidence, 
how far the behaviour of the original experimental group was due to 
‘latent inhibition’. 

These demonstrations have been directed to show that the simple 
notion of the formation of ‘connections’ between stimuli and 
responses is inadequate at least on the grounds: (a) when, as in con- 
ditioning, it appears that a response is ‘connected’ to a stimulus 
this does not consist in the transfer of the identical response from 
one stimulus to another; (b) in sequential learning, the learning 
process cannot be entirely accounted for in terms of the formation 
of ‘associative connections’ between one item and the next, or the 
response which anticipates the next; (c) since not all stages of a 
sequential learning task are equally easy, and since the difficulty of 
any point in the sequence is determined in part by the characteristics 
of that stimulus relative to the neighbouring stimuli, at least some 
addition to the simple account in terms of ‘connections’ is required; 
(d) since extinction can occur without the exercise of the response 
extinguished, we must allow cases of learned modifications of 
behaviour which cannot easily be expressed in terms of a variation of 
strength of a ‘stimulus-response connection’. One further aspect of 
the learning process will provide the subject for a less formal 
demonstration.* 


DEMONSTRATION IV | 


The learning tasks employed above have all been such as to per- 
mit the gradual development of behaviour to the point at which 


* Demonstration 3 has been concerned with the general question of 
the extent to which learning may profitably be regarded as a matter 
of the formation of ‘connections’ between stimuli and responses; and 
with the difficulties arising in the control and interpretation of results 
of this kind. If adequate control procedures are employed, it becomes 
possible to state and investigate the problem within the context of 
more detailed alternative theoretical formulations. An outline of some 
of these is given in*Chapter 7, where a similar experiment is directly 
related to such theories. ° 
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performance meets’some criterion of mastery. In all cases it might 
have happened that the process of learning took the form of a more 
or less extended period of little or no improvement followed by acom- 
paratively abrupt improvement to near perfection. But, in such tasks, 
this is not usually found. Some learning situations, however, are so 
arranged as to tend to enforce this more discontinuous development 
of learning. These are sometimes distinguished from ordinary cases 
of learning by the name ‘problem-solving’ (q.v.). This distinction 
raises complex issues and the grounds for the distinction are often 
obscure; it is, however, clear that there is a range of situations which 
may be expected to favour discontinuous changes in behaviour, but 
which nevertheless involve ‘learning’ in the sense that some experi- 
ence of the task or problem enables the subject to do something 
which he could not hitherto achieve, An example of such a task is 
that in which the subject is presented with a series of objects which 
he must sort into two or more categories. The principle of classifica- 
tion is unknown to him and his task is Virtually to discover this by 
inference from previous successes and failures. We may expect that 
his performance will show little improvement until he discovers the 
correct principle; thereafter, his selections should almost invariably 
be correct. Such tasks are commonly said to involve ‘concept forma- 
tion’. But we shall not here inquire into the justification for, or indeed 
the meaning of, this description. 

Method. The class is divided into pairs, each with a subject and an 
experimenter. The subject is Presented with a sequence of cards 
upon which are displayed patterns or other combinations of cues, so 
arranged that the cards may be sorted into two categories on the 
basis of some principle. Any rule and material will serve our purpose 
here, provided it satisfies certain conditions. The application of the 
principle to the material must be unambiguous, the material should 
be such that we may be reasonably certain that no other rule yields 
results co-extensive with those »derived from that the subject is 
required to discover, and the task should be fairly difficult. The 
subjett may, for instance, be required to select, from a sequence of 
meaningless and rather complex geometrical drawings, those which 
contain the figure ‘4’. It will be found that the addition of a very 
few lines to th ‘4? will camouflage it effectively. Alternatively, we 
may present simple geometrical figures which vary in size, orienta- 
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tion, colour, number of individual lines forming each main contour, 
etc., and in this case the principle required will specify some com- 
bination of conditions — for instance, the combination of all contours 
the same colour and the presence of at least one right angle. A fairly 
long sequence of, say, 150-200 such ‘cards’ should be prepared and 
duplicated. These are presented singly to the subjects so that they 
are available for inspection for only a short time, perhaps 5-10 
seconds. At the beginning of the experiment, the subject is told 
that he will be presented with a series of designs, some of which will 
be of type ‘A’ and some of type ‘B’. His task is to allocate them to 
the two categories as correctly as possible. When he can see no 
grounds for allocation, he must still guess the type of the design, 
at the latest when the card is withdrawn. When, on the other hand, 
a judgement is based upon some hypothesis about the difference 
between the two types of design, he should state this hypothesis 
when he first applies it. The success or failure of each judgement will 
be reported to him by the experimenter, who is given a duplicated 
‘key’ for the purpose.* A record is kept of the subject’s successes 
and failures and also of the ‘hypotheses’ he reports and the stages in 
the sequence of judgements at which these are employed. A short 
interval to reduce fatigue, etc., should be allowed after each block 
of 20 judgements. If the subject does not solve the problem when 
the original supply of designs have all been used, the experiment 
may be continued by presenting the same designs again in a different 
order. For it is unlikely, with this kind of material, that the subject 
will be able to remember how, and with what success, he originally 
allocated the cards. But the point at which such repetition begins 
should be noted and the results should subsequently be scrutinized 
for any effect that repetition may have had. If possible, the experi- 
ment may be carried one step further after the subject has discovered 
the ‘correct’ hypothesis. The procedure is continued unchanged for a 
further fairly long sequence of dcsigns, say 20 or 30, all of which 
will, of course, be allocated correctly; the subject is not told, how- 
ever, that this ‘hypothesis’ is correct. At the end of this sequence, 
the principle determining correct allocation is changed, without the 
subject’s knowledge, so that he once again finds himself in error. 

* It is suggested ‘that the ‘keys’ should be collected and retained by 
the instructor. ° 
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The experiment proceeds as before for as long as possible, or until 
the subject discovers the revised principle. ; 

Discussion. Our first interest in the analysis of the records derived 
from this experiment concerns the shape of the learning curve. 
There are two possibilities. ; 

Since the solution of the problem depends upon the applica- 
tion of the correct principle, a rather long period of little or no im- 
provement should be followed by a relatively abrupt transition to 
perfect performance, This change should coincide with the enuncia- 
tion of the correct principle. The results for each block of twenty 
trials may be expressed in terms of the percentage of correct judge- 
ments for that sequence. These values should be plotted against the 
series of blocks of trials; inspection of the learning curve so formed 
will reveal how far the expectation of a discontinuity in the subject’s 
performance is confirmed. Such discontinuous curves are obtained 
fairly frequently, 

But, depending upon the subject and the type of material used, a 
more gradual approximation to complete mastery of the problem is 
often found, and performance then shows more than chance success 


for a lengthy period before the cor 


rect hypothesis is pronounced. 
If, as is more probable, 


this second result is obtained, we must sup- 
pose either that the subject was at this earlier stage working in 
accordance with a principle which, although not the correct one, 
still yielded results which Were more often right than wrong, or that 
he was behaving in accordance with such a principle unwittingly. 
The records of each experiment should be analysed to determine 
which of these alternatives holds at the various stages of the sequence. 
Thus, each principle announced by the subject is compared with his 
allocations in the trials following that judgement, to determine how 


far his subsequent performance is in fact in accordance with the 


principle and how far the application of the rule would yield the 
degree of success obtained, It wi 


; t il probably be found that the prer 
solution period contains (1) some sequences in which the subject is 
only guessing, and in which he 


achieves only that degree of success 
to be expected by chance alone, (2) some periods in which he is 
consciously applying a principl 


i e which affords better than chance 

performance, and (3) some in which his judgemeiits are correct to an 

extent which cannot be completely accounted for in terms of the 
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principle upon which he was consciously working at the time. There 
may also be periods during which the subject is much more frequently 
correct than we should expect by chance, at times when no explicit 
hypothesis at all is being used. 

The results of the second stage of the experiment, after the 
change of rule, should be examined separately. We are concerned 
here with the effects of a prolonged series of successes upon the 
subject’s ability to continue his search for principles which are even 
more successful. Logically, only one failure should be sufficient to 
show that a rule is inadequate. This should then be abandoned in 
favour of some alternative. This in turn should give rise to a sequence 
of judgements which achieve only chance success; or alternatively, 
the subject may continue to apply the incorrect rule, for want of a 
better, until he thinks of another. We may therefore examine the 
record of this second stage with two questions in mind. 

First, did the subject continue to apply the previously successful 
rule, or did he abandon it at once ? Second, in either case, were more 
trials required to elicit the use of a different rule than had usually 
been needed in the preceding part of the experiment? It is often 
found that subjects are less willing to abandon the use of an hypo- 
thesis which has been consistently successful in this way; or that, 
even if they do abandon it, they are retarded in the construction of 
the next principle to be tested. A comparison between the number of 
presentations required, in this part of the experiment, to induce a 
change with the mean number required to elicit similar changes in 
the case of several hypotheses preceding the adoption of the first 
correct principle, will indicate whether the subject was unusually 
reluctant to abandon a successful rule. Similarly, a comparison of 
the number of presentations intervening at this stage between the 
point at which the principle was changed and that at which the 
subject announces a new rule with the mean number required for 
the corresponding shifts before the selection of the first correct 
principle, may suggest that the subject is retarded in the formation 
of a further rule. The two results taken together will indicate whether 
any such retardation is due mainly to the subject sticking to his 
original hypothesis, or whether he finds additional difficulty in the 
formation of a new principle, even after he has abandoned the first 
rule, ` 
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As before, the interpretation of the results of demonstrations on so 
small a scale must be treated with great caution. It is found that the 
results of experiments of this kind are very dependent upon the 
subjects, upon the material used and the difficulty of the task, and 
upon the precise form of the instructions given to the subjects. For 
instance, in the interpretation of the form of the initial learning 
curve it would of course be unreasonable to generalize from the 
results of one subject. Again, the curve derived from the performance 
of any one subject is likely to be rather irregular for reasons irrelevant 
to the investigation. Thus, important features of the results such as, 
for instance, the effect of considerable partial success of a wrong 
hypothesis, may be masked until the results of several subjects have 
been combined. On the other hand, care must be taken, in combining 
results from several subjects, not to assume that there necessarily is 
only one fundamental pattern of behaviour exhibited in this kind of 
task. Rather, it is more likely that there are at least several different 
basic strategies involved. Of two different subjects, or the same 
subject at different stages of the experiment, 
the designs at random when there is no h 
time, and the other may allocate according t 
he already knows is incorrect. Hence the records of the subjects 
should if possible be Scrutinized individually to detect consist 
patterns of behaviour which are typical of all or some subjects at the 
different stages of the experiment. The use of a number of subjects 
is also required in order to discriminate systematic effects from 
chance variations. 

Bearing in mind the need for such precautions, the results of this 
demonstration may suggest that, despite the apparent all-or- 
nothing nature of the learning task confronting the subject, the 
behaviour exhibited cannot be adequately characterized in terms of a 
Period of no improvement followed by an abrupt change to wholly 
Correct allocations consequent won the discovery of a correct hypo- 
thesis. Performance tends to be less discontinuous, showing lengthy 
periöds of partial success before the point of complete mastery- 
This Partial Success will probably be found to depend upon the use 
of principles which yield above chance performance and which, by 2 
Process of modification, approximate gradually to the final correct 
rule. It may also have been found that the subject’s performance 
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showed improvement at times when he codld not consciously 
formulate the principle upon which he was working. Finally, it is 
likely that the change of rule after continued success will have 
presented particular difficulty. Thus, most subjects, at least at some 
stage of the experiment, behave in a manner more analogous to the 
gradual learning process observed in preceding demonstrations 
rather than in that to be expected if the subject was testing a series 
of hypotheses in a strictly logical manner. 

Conclusion. These demonstrations may serve to illustrate two main 
points. First, it seems unlikely that any theory of ‘associative con- 
nections’ in a simple form will prove satisfactory; and it is not at all 
clear whether, if learning is to be analysed in terms of the formation 
of connections at all, these should be conceived as linking one stimulus 
with another, or as linking stimuli with responses. Indeed, it may be 
that an adequate theory will require both conceptions in some form. 
On the other hand, the results of the last demonstration suggest that 
there may be a greater degree of continuity between simple and more 
complex learning, involving the formation of ‘concepts’, than might 
be expected a priori. Second, the results gained from any single 
experiment in this field can only be interpreted unambiguously if 
rather complex control conditions are satisfied. This, of course, is the 
natural consequence of the inevitable complexity of the experi- 
mental situations involved. It cannot be stressed too strongly that the 
results of any such experiment are susceptible to many explanations, 
quite apart from those that are, as formal predictions, drawn from 
some theoretical analysis. But this is not to,say that control experi- 
ments cannot be devised to eliminate or confirm these alternative 
explanations; it does, however, imply that the confirmation of a 
theoretical prediction requires experiments on a larger scale, and 
under more various conditions, than might at first have seemed 
necessary. It is usually idle to search for a short cut in laboratory 
investigations on learning. 
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Chapter 5 
MOTOR PERFORMANCE 
HARRY KAY Ts SZAFRAN 


Sheffield University Exeter University 


The actions of human beings are so varied and complex that they are 
an obvious field of study for the psychologist. Curiously enough, the 
problem has not been investigated with anything like the intensity It 
deserves and for long during the 1920’s and 30’s surprisingly little 
attention was paid to it. It is only during more recent years that any 
significant attempt has been made to follow up the original work in 
this field which was done around 1900 by such men as Bryan and 
Harter (1897), Breitwieser (1911) and Woodrow (1914). 

Flexibility. Let us begin by considering typical actions of an adult - 
his ability to walk or run, to pick up an object, to throw it accurately 
and to catch it when it is thrown at him. Several features are predomi- 
nant. Firstly these performances are extraordinarily flexible. Running 
speed and style can be adjusted to terrain, a hand may use a pick of 
a needle, a shovel or a pair of tweezers, a ball can be caught from 
every sort of angle or trajectory. To stress this flexibility another way; 
it would be comparatively simple to design a model which might Pe!“ 
form any one of these operations, but extraordinarily complex to 
design it so that it could carry out this range of tasks. 

Learned co-ordinations. A second feature of such accomplishments» 
closely linked to the first, is that they have been learned. A baby ca“ 
not walk and only does so after th. usual number of trials and bumps- 
Early attempts to thread a needle, tie a shoelace, throw a stones em- 

.. phasize that we have had to acquire the very necessary skilled co- 
ordination even in such workaday activities. ; 

Timing. A third feature, which is revealing in high speed skills, "9 
the smoothness and unhurried grace with which it is conducted. 
Bartlett (1948) in particular has pointed out how we talk about exper 
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games-players having ‘all the time in the world’ tü make their strokes. 
In spite of the speed at which a ball is thrown, they do not appear to 
be hustled by it; that is to say, the external event may take place so 
quickly that there is only the minimum of time in which to perceive 
and initiate a response to it, yet somehow the skilled player does 
manage to make the appropriate response and in everyday talk we 
‘explain’ his success by attributing it to anticipation. This begins to 
look as if he is in the right place at the right time, not because he can 
respond quicker to the signal but because he began to respond earlier 
in time, perhaps before the signal did in fact occur. The problem for 
us is to say not only how he succeeds in anticipating correctly, but 
why it is necessary to do so. In the world of electronics we have become 
accustomed to receivers which respond to their inputs with near 
simultaneity. The human nervous system, though transmitting elec- 
trical impulses when peripheral receptors are stimulated, is evidently 
not of this kind. It is then necessary to measure what are the basic 
response latencies of the organism. These will not tell us how the 
organism will behave in a series of circumstances, but they should 
tell us what it has to ‘overcome’ in a skilled activity. As might be 
expected, we shall find that many of the activities which are labelled 
skilful are so designated because in them some of these apparently 
basic limitations of the human system have been successfully cir- 
Cumvented. 

In this chapter we shall discuss experiments which throw light 
upon some of the characteristics of human performance. These 
Studies may give us some hint as to the kind of system represented 
by the human organism. The first group of experiments - reaction- 
time studies - on the ability to respond to discrete signals examine 
Some of the inherent limitations of the system. 


I. REACTION TIME (RT) STUDIES 


In the classical reaction time study everything is done to facilitate 
the performance of a subject. The aim is not to try to catch an'indi- 
vidual in an unsuspecting moment but to find out how quickly he 
Can make a response to a signal under optimum conditions. A typical 
Situation for examining visual reaction times is as follows. 

A subject is seated in front of a screen in which there is a small 
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aperture for a neon-light-bulb. His hand rests on some form of elec- 
trical switch, often a morse key. He is instructed that, as soon as he 
sees the light appear, he is to respond by depressing the key. The 
apparatus is so constructed that the experimenter completes the cir- 
cuit when he switches on the light and thereby starts an electrical 
clock. The subject breaks the circuit with the action of his key, and 
the clock measures to the order of 1/100 or 1/1000 of a second the 
interval between the onset of the light (stimulus) and the key re- 
sponse - the S-R interval. 

Piéron’s experiment. The apparatus requirements are not complex 
but they do demand a precision timer and a stimulus with a quicker 
onset than the ordinary electric bulb, whose filament takes a few 
milliseconds to illuminate, Piéron (1928), also reported by Wood- 
worth and Schlosberg (1954), suggests a delightfully simple pro- 
cedure requiring little apparatus, The experimenter holds with his 
thumb a metre rule in a vertical position against a smooth wall. The 
lower end of the rule is Placed against an index mark on the wall at 
about eye level. A subject has his hand at this mark and is ready to 
Stop the fall of the rule by pressing his thumb against it. The experi- 
menter says ‘ready’, and then suddenly releases his thumb, allowing 
the rule to fall. As Soon as a subject sees the experimenter’s thumb 
move, he jabs his own thumb against the rule. The distance the rule 
has fallen is easily read off the scale at the index mark, and this dis- 
tance can be converted into a fairly accurate time measure by using 


the formula T = =, Where T is the time in seconds, S the dis- 


980 cm/sec. If a time scale is drawn on the rule this further simpli- 


- The formula reads S — 1GT? which gives the 
following values, g 


RT (sec) "IO “15 20 z 7 “45 
5 "30 “35 40 

Fall (cm) 49 IO 196 306 441 60:0 784 992 

(from Woodworth and Schlosberg 1954) 
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movement or response time so much as the tiine to initiate a re- 
sponse - it is a latency measure. Several different stages can be distin- 
guished as contributing to this total measure, such as the time taken 
by the peripheral sense organ, the conduction time of the nerve, the 
latency of the muscles and the time required for transmission within 
the brain itself. With visual stimuli the retina, because of its com- 
paratively slow ‘photo-chemical’ processes, may take as long as 
20-40 ms (milliseconds) before any signals are transmitted up the 
optic nerve to the visual cortex. With auditory stimuli, the corre- 
sponding latency for the ear is only of the order of 1 to 2 ms. Other 
things being equal the auditory RT should be shorter than the visual 
and in fact the usually quoted figures for the total RT are 140 ms for 
audition and 180 ms for visual. 

But the latency of the peripheral sense organ only accounts for a 
fraction of the total RT, whilst the rate of nerve conduction both to 
and from the brain is so fast that it too contributes only a few ms. 
For audition, impulses reach the cerebral cortex within less than 
Io ms from when the sound reaches the ear, whilst direct stimulation 
of the optic nerve, which by-passes the retina, has a cortical latency 
of around 2-5 ms. Some 10-15 ms have also to be allowed for con- 
duction on the outgoing side from the brain to the muscles controlling 
the finger, and, more important, some 20 or 30 ms may elapse before 
the relevant muscle group is sufficiently energized to make a response 
Such as depressing a key. This of course depends partly upon how 
much pressure is required to move the key. Where it is set as lightly 
as possible, as it should be, this latency is reduced but even so the 
RT as measured by the time when the key is depressed is at least 
20 ms longer, and in many instances 30-40 ms longer, than the same 
RT measured by recording action potentials from the relevant 
muscles, 

It would seem that for visual RT’s, peripheral time may account 
for some 60-80 ms, and for auditio.ı some 35-45 ms, leaving a central 
RT of approximately 100 ms. In other words, the major part of the 

T is taken up by processes within the brain itself and which for 
Want of a better name we may call analysis time. It is by no means 
clear why this analysis time of the brain is so long, though, with the 
wisdom of hindsight, it is easy enough to attribute thisto the intricate 
complexity of the neuronal circuitry of the brain with its astronomical 
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number of cells and connections. But the significant feature from a 
behavioural standpoint is that the simple RT for a normal adult sub- 
ject very quickly reaches a minimum value and thereafter is not 
materially influenced by practice. In other words, however much a 
subject may be prepared for what he has to do in a particular situa- 
tion, it is not possible for him to ‘short circuit’ this lengthy operation. 
As already noted, human skilled performance may be extremely 
flexible, but the price of flexibility is a correspondingly complex 
mechanism with its accompanying longer latencies. 

Foreperiod variation. We have already observed that the practice 
effect with simple RT is not marked. It is customary to note that the 
RT duration does decrease with increasing intensity of stimulus, 
though in fact once the stimulus is clearly above threshold this effect 
too is slight. A more important variable is the foreperiod, that is, the 
time elapsing between the subject receiving a ‘ready’ signal and the 
onset of the actual stimulus. There are several different procedures. 
An experimenter may use an irregular foreperiod, but specify the 
range within which his signal will occur, e.g. not less than 1 second 
and not more than 9. Within this range he may have a rectangular 
distribution of intervals. It is generally stated that the optimal fore- 
Period is around 2 seconds, It is for practical purposes a most con- 
venient foreperiod for an experimenter to use but the optimal is 
determined by the range of times which is being employed. 

‚When a fixed foreperiod is used the subject knows when the 
stimulus will occur and to prevent false anticipatory reactions the 
Convention is to use ‘catch? trials: that is, on a certain number of 
trials to give the ready signal but not to follow it with the actual 
stimulus. This is an effective check but it should be noted that what 
is being done here is to reduce the probability of the signal from cer- 
tainty by a prescribed amount. Hence it is important to note the 
Proportion of check trials which is used. The reason why this influ- 
ences reaction time may be charer when we have discussed the 
uncertainties introduced in choice reaction studies. 

, Chaice reaction times. So far we have limited our considerations tO 
instances when a subject knows that there is only one possible signal, 
but there are many circumstances where, though only one signal 
an z eg Se may be one from any number. This situa- 
„aboratory as a choice reaction. The query arises 
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whether, when there are two possible signals, a subject takes longer 
to respond to one of them than he would take in the simple reaction 
situation. In fact he does take appreciably longer; the 2-choice RT 
is of the order of 300 ms which is approximately 50 per cent longer 
than the simple RT. 

It is by no means obvious why this is so. A subject is responding 
to one light when it appears and it might be argued that this positive 
response is not influenced by what might have occurred, but only by 
what in fact has happened. Results show that this is not so. Appar- 
ently the organism has the ability to prepare two possible responses 
to two possible signals, but to accept either signal and trigger off the 
appropriate response takes appreciably longer than is the case with 
the simple RT. Classical experiments such as Merkel’s (1885) found 
that the RT increased as the number of choices increased, though it 
will be observed that the major step is the difference between the 
simple and 2-choice situations. 


TABLE XIV. Data from Merkel (1885) 


Number of Reaction 
alternatives time 

1 (simple reaction) 187 
2; 316 

3 364 

4 434 

5 487 

6 532 

7 570 

8 ® 603 

9 619 e 
Io 622 


The table gives the averages for nine subjects. (After Woodworth 
and Schlosberg 1954.) 


Hick (1952) repeated Merkel’s cxperiment, confirmed his findings, 
and suggested an explanation based upon the concept of ‘quantity of 
information’ as developed by communication engineers. Before pre- 
Senting Hick’s explanation it will be well for us to consider some of 
the more relevant features of information theory since it has influ- 
enced much recent research upon skills. o 

Information theory. Information theory assesses the amount of 
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information of a particular signal in terms of its uncertainty. Where 
one event x occurs out of a possibility of x and y, it carries less in- 
formation than if the possibility had been x, y and z. Where an event 
is extremely improbable it carries much information, that is, its 
occurrence resolves much uncertainty. Conversely, if the event is 
extremely likely it carries little information. Where we can state 
accurately the probability of an event, as in RT experiments, we can 
calculate the amount of information per signal, e.g. if event 7 has a 
probability p;, the amount of information is I = — log pi. 

In practice we deal less with a particular event than with the 
sources of a number of events. Particular events may contain different 
amounts of information but what is required is the average amount 
of information to be expected from a source, This extends the above 
formula to - 


H = mean value of (— log p;) 


-> Di log pi 


. The unit for measuring the average amount of information is the 
bit’ (binary unit). It is a ratio measure, Where two events are equi- 
probable we need one bit of information to decide between them; 
that is, every time the number of alternatives is halved one bit of 
information is gained. Thus with eight possibilities we need in all 
three bits to decide on a particular event; one bit to decide which 
four of the eight possibilities, plus one bit which determines two of the 
remaining four, plus one bit to determine which one of the final two 
alternatives, For Convenience, information theory usually employs 
logarithms to tne base 2, which gives an information content of I 
when p = +5. 
j Rate of gain of information. At first sight it seems odd that informa- 
tion should depend solely on a Probability and this usage is of course 
quite different from that which associates information with context 
cr meaning. But the statistical advantages are considerable as can be 


T er we return to Hick’s experiment, He put forward the hypo- 
esis that ‘the rate of gain of information is, on the average, constant 
with respect to time, at least wi 


thin the duration of a single percep- 
tion. ii i : 
a the hypothesis is correct the increased reaction time for 
multi-choice signals will be proportional to their increased 
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amount of information. Hick found this to be so for both Merkel’s 
data and his own. He had to make one assumption, that since log 7 
only measures the uncertainty as to which stimulus will occur, some 
constant must be added to allow for the doubt about when it will take 
place. Hick proposed that ‘the possibility of no stimulus’ was treated 
by the subject as if it had the same probability as any particular 
stimulus. This makes the gain in information equal to log (# + 1). 
Applying the formula RT (seconds) = :626 logy, (7 + 1) to Merkel’s 
data he obtained a very close fit. It will be observed that there is an 
implicit assumption that the movement time is constant from one 
condition of choice to another and further that all signals represent 
the same level of perceptual difficulty. The following experiment 
which demands the minimum of equipment provides a simple method 
of investigating the relationship between the number of choices and 
the time taken. 


EXPERIMENT I. A STUDY OF 
CHOICE REACTIONS USING A 
CARD SORTING PROCEDURE 


The only apparatus requirement is one or two packs of playing cards. 
The method, originally designed by Crossman (1953), is by compari- 
son with the classical method of investigating choice-times much 
simpler and more flexible, though it sacrifices the keeping of a de- 
tailed record of individual responses whilst movement time is greater 
than in the more customary RT procedure. However movement 
times for card sorting prove to be sufficiently constant for this to be 
only a minor objection. ý 

_ Since the task of sorting and dealing cards is familiar to most sub- 
Jects, very little practice is required. A subject is allowed to familiarize 
himself with handling the particular pack and the experiment can 
begin. 

Balanced frequencies. A subject is instructed to sort the cards into 
the classes as given for Tasks BI, BII and BIII in Table XV. ‘Where 
there are 2 classes only the two colours, red and black, are to be dif- 
ferentiated; for 4 classes the suits; for 13 classes the numbers. The 
Pack is held face downwards to prevent preview of,the next Card. 
Each card is to be ‘dealt’ individually and to ensure that the first 
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sorted card is put in the correct place appropriate sample cards of 
each class should be displayed at the relevant positions. The instruc- 
tions are to work as fast as possible trying to make no errors and not 
correcting any if made. Trials in which there are more than 10 per 
cent misplaced cards are discarded. It is intended that a subject 
should adjust his speed to the maximum possible; it is better that he 
should be working fast and make a few errors than proceed too slowly 
in order to ensure an error free performance. 

The total time taken to sort the pack is recorded by a stop-watch 
to the nearest convenient figure. At each stage some practice effects 
are likely to take place before a subject settles down to what he re- 
gards as a comfortable rate. It is instructive to compare the rates of 
improvement for the different tasks, but for the purpose of calculating 
the average sorting time per card for each class it is necessary to have 
a stable performance. A satisfactory measure is achieved by consider- 
ing within each class the first three trials showing less than 5 per cent 
variation. From these data the relative sorting rates may be plotted. 


TABLE XV 
Balanced frequencies 
Task Number of classes Criteria 
BI 2 Red/Black 
BII 4 Hearts/Diamonds/Spades/Clubs 
BI 13 A; 2, 3, 4, 5, 6,7, 8, 9, 10, J, Q, K 
Unbalanced frequencies 
UBI 2 Picture cards /Plain cards : 
UBII 4 Red pictures/Red plain/Black pictures/ 
Black plain 

UBIII 8 


Hearts pictures/Hearts plain/ Ri 
Diamonds pictures /Diamonds plain/ 
Spades Pictures /Spades plain/ 
Clubs pictures /Clubs plain 


Estimates of Ynovement time 


MI - 2 

MII : 

MIII 4 Cards in pre-arranged order 
MIV 13 


Movement ti'nes, T) 


; 4 timate 
his part of the experiment attempts to estima 
the movement time. 


- . . e 
“ence a subject is instructed to carry out th 
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procedure as nearly as possible with the same movements as those 
employed by him in the previous tasks. He is told how in Tasks MI, 
MII, MIII and MIV (see Table XV) the cards have been pre- 
arranged to eliminate all choice. 

The same timing and scoring procedure is followed as for the 
balanced frequency tasks. 

Unbalanced frequencies. So far the number of cards in each class for 
any particular task has been equal. For this part of the experiment it 
is explained to a subject how the numbers are deliberately unbalanced 
by using the frequencies given for Tasks UBI, UBII and UBIII (see 
Table XV). He again sorts the cards whilst the experimenter records 
the total times as with the other procedures. 

Since it is possible for a subject to count the number of cards in the 
smaller class and to speed up his operation when all the members 
of that class have been sorted, it is advisable that one member of a 
small class be inserted amongst the last 2 or 3 cards in the pack. 
Thorough shuffling of the pack is important at this stage. 

Treatment of results. When the probabilities of all the different 
classes of signals are equal, the average information per signal is the 
same as the information in any one class. Thus H = — log, p 


== log, = = log, n and the appropriate value can be read straight 


off the log, table (see Table XVI). For example, when sorting into 

Suits (BII), each class has a probability p = 1/4, and therefore the 

information carried by any one card is H = — log, 1/4 = 2 bits. 
When the probabilities of each class arg not equal, the average 


TABLE XVI. Logarithms to base 2° 
(Numbers from 1 to 99) 
s I 2 3 4 5 6 7 8 9 


= 


— 0000 1-000 1°585 2:000 2'322 2°585 2:807 3'000 3'170 
3:322 3459 3,585 3700 3807 3907 4000 4'087 4'170 4'248 
4322 4392 4-459 4524 4585 4533 4700 4'755 4807 4'858 
4907 4954 5'000 5'044 5'087 5'129 5'170 5'209 5'248, 5'285 
5:322 5:376 5'392 5'426 °5:459 5'492 5'524 5'555 5'588 5'615 
5:644 5:672 5700 5:728 5755 5'781 5'807 5'833 5'858 5883 
5'907 5'930 5'954 5'977 6'000 6:022 6'044 6'066 6'087 6-108 
6:129 6150 %17o 6190 6'209 6'229 6'248 C267 6'285 6304 
6:322 6-340 6'358 6375 6'392 6'409 6'426 6-443 6'459 6476 
6'492 6-508 6:524 6:539 6555 6:570 6788 6600 6-615 6:629 
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information content per signal is reduced. Its value is calculated as 
follows: Let us consider task UBI, i.e. the sorting of picture cards 
from plain cards. Here the signal ‘picture card’ has a probability 
Pp = 40/52 = 77. For the class ‘picture cards’ the information con- 
tent is — log, 12/52 = 5-700 — 3-585 = 2-115 bits. Similarly, for 
the class ‘plain cards’ the information content is — log, 40/52 
= 5'700 — 5'322 = 378 bits. On the average then, over all signals 
in a series of 52 cards, the information content per signal is 
H = — p log, p = (23 x 2115) + (777 X -378) = -77301 bits 
(which is some 20 per cent less than in a two-choice balanced fre- 
quencies case, e.g. ‘red-from-black’, where p = -5 for each class and 
H = 1 bit per card). 

In attempting to estimate the rate of gain of information we must 
bear in mind that in our experiment the subject himself determines 
the time when each signal shall occur, so that Hick’s suggestion of 
writing ( + 1) for n does not apply. 

We calculate thus (hypothetical results): 


Average values of: 


| Rate of 


Number Informa- | Move- y i 
| J | 5 2 ain of 
Task of tion per = mii ment | Ery | iforma- 
Choices signal time tion 
n H=log.n | Tr In ju=Tr-Ta) R= H 
bits/card sec/card sec/card sec/card Te 
| pits. /sec 
2 2 1:00 eg. 87 +58 ‘29 | 345 
In, 2:00 e.g. P19 -60 “59 3:38 
13 3:70 eg. iyı +66 ros | 352 
H = — Xp log. p 
bits/card 
ie ‘71 eg. 83 +58 25 aa 
UR 1:76 e.g. 115 60 "55 32° 
8 2-77 Èg. 1:42) +64 ‘78 


It sould be founu that, 
transmitted, the 


constant. 


subject’s 
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II. PERCEPTUAL FACTORS IN MOTOR 
PERFORMANCE 


In the card sorting experiment we examined the way in which the 
degree of uncertainty about the occurrence of a particular signal 
determines the time to make an appropriate choice. In this section 
we shall be concerned with further perceptual problems. We shall 
begin by examining how differences between signals may influence 
performance and we shall conclude by considering the role of per- 
ceptual factors in a typical motor assembly task. 

When we consider the differences between signals it would seem 
reasonable to expect that it would be easier to sort black cards from 
ted than, say, hearts from diamonds, though each would be a two 
choice task. Both Henmon (1906) and Lemmon (1927) carried out 
experiments to assess the perceptual difficulty ina display. The latter 
Presented two square frames to his subjects who had to respond to 
the side which contained the most illuminated bulbs. A subject had 
to discriminate 1 from 0, 2 from 1, 3 from 2 and so on. As might be 
expected the simple reaction of 200 ms rose sharply to 290 ms when 
discriminating 1 from o lights, 475 ms for 2 from 1, and 741 ms for 
5 from 4 lights. 

Perceptual discrimination in card sorting. Following Crossman 
(1955) this experiment can again be conducted with card sorting. 
Plain cards are used on which are drawn varying numbers of small 
Circles, say 1 to 12. These are positioned randomly over the face of 
each card. The object of the experiment will be to relate the time re- 
quired by a subject to sort out a pack of 52 cards to the degree of 
Similarity between the patterns of circles, which are being varied, 
whilst the number of alternatives from which a response has to be 
chosen is kept constant. For a given condition two sets of cards, e.g. 
two’s and eight’s, are shuffled wel! together and given to a subject 
face downwards. Appropriate sample cards are laid out in front of 
him and he is asked to sort the cards into two heaps, turning the cards 
up one by one and deciding between ‘fewer’ and ‘more’ circles 
Without actually counting them. The total time is recorded as before 
by Stop-watch. ” o 

We may first consider the situation when there are equal absolute 
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differences between the number of circles in each pair of classes. For 
example we may obtain times for blank compared to 1, 1/2, 2/3 oe) 
or blank/2, 2/4, 4/6 . . ., or blank/3, 1/4, 2/5 . . . etc. To estimate 
movement time we repeat the performance as nearly as possible with 
a prearranged pack, say 1-2-1-2 . .. The effects of practice can be 
partly eliminated by presenting the conditions in random order, three 
or more trials for each condition as a practice run, and then in another 
order for the experimental run. Conditions in which cards with many 
circles have to be employed are likely to require more practice before 
a subject settles down to a steady rate. 

We may next consider the effect of equal ratios between the 
numerical size of circles in each pair of categories by obtaining times 
for the 1/2, 2/4, 3/6, 4/8 and 6/12 conditions. 

Two features emerge from the results: 

(a) Time increases with the number of circles on a card, although 
absolute difference within each pair of categories remains constant. 

(b) To a good approximation, equal ratios give identical sorting 
times. 

This dependence on ratio suggests that when two quantities, say 
A and B, are being compared by a subject in a discrimination task, 
his response time is a simple function of the difference between the 


logarithms of the quantities involved in the comparison. Crossman 
gives the formula 


un K 
~ log A — log B 


(where K is an arbitrary Constant) as fitting the data adequately. The 
results of the experiment can be plotted against this function (the 
values of which are given in Table XVII). If the theory is correct We 
should obtain an approximately Straight line whose slope is deter- 


mined by K. Other Points, e.g. 2/5, 3/7, etc., can now be extra- 
polated and the Sorting times predicted, 


Pereptual factors in weight discriminations. We may now attempt 
to ascertain whether this way of measuring the perceptual difficulty 
of a ‘display’ would apply to a Sensory modality other than visio”. 
Let us consider a modification of the classical experiment on the 
differential threshold for judgement of weight. Since in this case WE 
are Not interested in thresholds, we shall work with relatively easY 
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T z 
ABLE XVII. Values of function bea —IogB 


(Numbers from I to Io) 
“la I 2 3 4 5 6 7 8 9 10 


$ 100 63 so 43 39 36 33 “3I 30 


= 

2 $ r7 roo 76 63 55 50 46 43 
3 $ 241 1:36 Too 82 71 63 58 
4 ¢ 313 171 125 roo 86 76 
5 $ 382 2:07 148 118 roo 
6 $ 45% 2-41 1771 1:36 
Fd $ 518 276 1:94 
8 $ 588 3-13 
9 $ 6:58 


judgements only, and instead of the proportion of correct judge- 
ments, the response time will be taken as a measure of performance. 
Essentially the same technique is employed as in the card sorting 
experiments. For instance, two groups of 10 small cans, loaded with 
two different weights, can be arranged in random order to form a row 
on a table, facing the subject. At the word ‘go’ the subject lifts first 
a sample ‘light’ and a sample ‘heavy’ can, then works down the row, 
Weighing very briefly each can and moving ‘heavy’ cans away from 
him and ‘light’ ones towards him. As before, a subject should work 
as fast as possible, without making errors, prolonged weighing being 
discouraged, The time for the whole row is taken on a stop-watch. 
The pairs of weights may be arranged in the following ratios: 0/8, 
2/8, 4/8 and 6/8, the order of presentation being random. About 
half a dozen trials in each condition may be required to obtain fairly 
Consistent times, with perhaps one or two errors being made occa- 
Sionally. Again movement time may be assessed by using any pre- 
arranged task (e.g. 2-8-2-8 . . .), the subject knowing that this is so, 
but endeavouring to employ the same movements as in the main 
tasks. The results are plotted against the appropriate values of the 
theoretical function and compared with the visual tasks. 


9 
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EXPERIMENT II. PERCEPTUAL FACTORS IN 
THE CONTROL OF MOVEMENTS 


In the previous reaction time studies we measured how long a subject 
takes to initiate a movement. In this experiment we wish to measure 
how long he takes to make a particular movement. Experiments have 
shown that in general the two most important variables influencing 
these movements are the amplitude and the permitted tolerance 
limits. In some specific cases manipulatory acts such as finger adjust- 
ment to grasp or release objects, and the pressure required to carry 
an object with safety but without damaging it, have also to be con- 
sidered. But for many assembly types of task we can say that where 
subjects are working at their maximum rate their average response 
time is proportional to the variations in the amplitude and tolerance 
conditions. The following experiment examines this hypothesis. 

The apparatus requirements are a pencil and some large sheets of 
paper. On each sheet of paper are drawn two circles at 2, 4, 8 or 
16 inches apart. The diameters of the circles are "125, ‘255 '505 and 
1-0 inch (see Table XVIII). A subject is instructed to place his pencil 
in the left hand circle and then on the command ‘go’ to move his 
pencil as rapidly as possible to make a point in the right hand circle. 
He is then to return and repeat the action in the first circle, and con- 
tinue the to and fro movements until he has made 20 shots at each 
circle. He is to respond as quickly as is compatible with accuracy: 
The experimenter times the procedure with a stop-watch, counting 
the number of crossings, and tells the subject when to stop at the end 
ofa trial. A subject is tested twice at all 16 conditions, the order © 
conditions being reversed on the second testing. 

Where the distance between the circles is small and the tolerance 
large, the whole cycle is extremely rapid and it is not easy to register 
accurately the number of responses, though it can be achieved. Where 
i reer 
measured in terms of en a on this 
apparatus the tolerance ie ac on sea ig by 
two parallel lines which aus es ia — ters 

ji h are the same distance apart as the diame 
of the circles., : 
Treatment of results, When the results are grouped, it will be found 
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that the times increase as the amplitude of the movement is increased 
and as the tolerance of the target areas is reduced. 

The query now arises whether the two variables cannot be com- 
bined so that the difficulty of the task is expressed in their terms. 
Fitts (1954) has proposed one solution. He accepted Hick’s (1952) 
original suggestion that the rate of gain of information is constant 
with respect to time. The argument is that the human motor system 
(in which is included the visual and proprioceptive feedback loops 
that enable a subject to monitor his own activity) has a fixed informa- 
tion-transmission capacity. It would follow that where subjects were 
working at their maximum rate, then the average time per response 
would be directly proportional to the maximum average amount of 
information per response. In an experiment of this kind the informa- 
tion per response is controlled by the two variables manipulated by 
the experimenter, the amplitude and the tolerance conditions. Where 
such repetitive movements are speeded up then each movement will 
Provide less information with the result that movement variability 
will increase by a specified amount. Fitts’ proposal, in its simplest 
form, may be stated as follows: that the overall movement time will 
be proportional to the logarithm of the rates between (a) the width 
of the targets (Ws) and (b) twice the amplitude of the movements 
(2A). Expressed as a formula the difficulty of the task (Id) is: 


Id = — log ws bits /response 
Where Ws is the difference in inches between the diameter of the 
target arca and the diameter of the object being positioned, and A 
(the amplitude) is the centre-to-centre distance between the holes. 
The value for the index of difficulty is given for each of the tasks in 
Table XVIII. 

In a task such as the present where the pencil point can be taken 
as zero width, we simply measure the diameter of the target area to 
obtain Ws. In order to see how adequately the suggestion of a fixed 
transmission capacity accords with the experimental data, we need to, 
examine the difficulty of the task against the time taken to perform 
it. If the concept is useful, then there should be a clear relationship 
between the two measures. This can be studied most conveniently 
by calculating a binary index of performance (Ip) on the basis of 
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TABLE XVIII. Experimental conditions for positioning task 


Diameter of Amplitude of Index of 
circle in inches movements in inches difficulty 
(Ws) (A) (Id) 
“125 2 5 
+125 4 6 
“125 8 7 
“125 16 8 
"25 2 4 
25 4 5 
“25 8 6 
"25 16 7 
50 2 3 
-50 4 4 
“50 8 5 
“50 16 6 
1:00 2 2 
1:00 4 3 
100 8 4 
1:00 16 5 


Id is discussed in the text. It is derived from the formula 


Ws 


Id = —log, ZA bits/response 


. g . i $ 
dividing the index of difficulty (Id) by the average time (7) in second 
for a single movement. 


Ip = £ bits/sec 


Taking the experimentally obtained ‘7° values for each condition = 
the task, this rate of performance is calculated and, providing ipe 
jects have worked at their maxir.ıum, should be approximately ; 
same for all task conditions. With unpractised subjects it pa nt 
‚find sume variation, but the greater the practice the more consiste 
the index of performance. rk 
It was appreciated by Fitts and shown by subsequent vp 
(Annett, Golby and Kay 1958) that there are some arbitrary ap 
tions in the above formulae. It would not always be rational to t 
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twice the amplitude of the movement, as in the case of a long arm 
movement where 2A might be a physical impessibility, whilst the 
tolerance depends less upon a circular area as upon an ellipse whose 
longer axis is a prolongation of the direction of the movement. But 
these are minor points for future clarification. The significance of the 
work lies in its approach which places the emphasis upon the per- 
ceptual factors controlling motor skills. To this extent these studies 
of movements are closely related to those which we have already 
examined on reaction times. It would appear that the same major 
variables are influencing motor performances which superficially 
appear to be very dissimilar. 


III. DISPLAY-CONTROL RELATIONSHIPS 


High information-transmission rates depend, among other things, 
upon the degree to which the relation between items of display and 
characteristics of control is regarded by the subject as ‘natural’, As 
might be expected, the difficulty is to understand what is meant by 
‘natural’. Anything which an operator has to learn may be considered 
initially by him as unnatural, whilst many accepted relationships are 
only the result of long practice: for example, pressing a switch in the 
corner of a room to operate the centre light. In this section we shall 
attempt to inquire in a preliminary manner what perceptual cues are 
desirable when translating visual signals into motor responses. 

A popular experimental procedure is to study how display-control 
relationships are initially built up. This is generally examined by re- 
Versing a habitual relationship as in a mirror-drawing, task. When an 
individual attempts to control hand movements by observing them 
an a mirror he makes many mistakes. These can be scored but a 
simpler procedure is to ask a subject to be as fast and accurate as 
Possible and score the time taken to carry out the task. This is legiti- 
Mate since most errors inevitably lengthen the performance time. 

A representative experiment (task Ma) is to require a subject to 
move a pencil or stylus through a narrow groove, pressed in tinplate 
or cut out in wood. The ‘maze’ is placed horizontally in front of a 
Subject but a horizontal screen, 6-9 inches over the maze, prevents 
him Seeing it directly and his only vision is via a vertical mirror posi- 
tioned at the far end of the maze. The track forms # wavy pattern 
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with 12 reversals of different amplitude. Typical instructions are to 
tell a subject to drive a car along the ‘road’ as fast as possible without 
hitting the edges. Retracing is discouraged. Some 6 to 12 trials are 
completed with short rest pauses between each, the time for each 
trial being taken by stop-watch. 

A second experiment (task Mb), which superficially appears to be 
the same, is to invite a subject to move a pencil in a similar manner 
between two lines, drawn a short distance apart to form a wavy pat- 
tern on a sheet of paper and again seen only via a mirror. Times are 
recorded as above. 

Finally, task Mc, a subject has to write down on a sheet of paper 
the digits 1 2 3 4 5 6 7890, so that their normal - i.e. unreversed - 
images appear in the mirror. Times are again scored. 

It is found that most subjects can, after practice, master quite ade- 
quately the perceptual relations in these tasks, provided both visual 
and kinaesthetic guiding patterns are available (as in task Ma). Some 
subjects may encounter a little difficulty in perceptual relearning 
when performance has to be guided primarily by visual pattern as 10 
task Mb, but they should improve with practice. However, many 
more subjects are likely to remain at a disadvantage when no distinct 
pattern for the movements is provided and the imagined display 
items have to be held in mind during the course of the performance 
as in task Mc. The argument might be raised that in this particular 
case the display items constitute very familiar material and the task 
as a whole refers to a well established habit — writing figures — so that 
perceptual relearning is rendered more difficult than in the other tw° 
tasks. But this criticism applies to all three tasks. They are not SO 
much studies of how Subjects learn to co-ordinate the signals from 
different sense modalities as studies of how subjects learn to reverse 
the meaning of particular signals. They involve the breaking dow? 
of well established motor co-ordinations, This is not to say they 2° 
valueless but we must be cautioug in interpreting results. In general, 
individuals have as much, if not more, difficulty in reversing habits 
than ih learning them. 

We May pursue the question of ‘matching’ of visual and kinaes” 
ther ic data in repetitive tasks of the kind here considered by inquiring 
with what accıracy can a subject move his hand to a specified D 
and then retu-n it to the initial position when visual informatio? 
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withheld during the performance. The subject, blindfolded and 
seated at a table, is required to raise slightly his dominant forearm, 
holding a pencil, and to carry out a smooth movement at what appears 
to him a comfortable speed. The starting point is in front of the mid- 
line of the body, the terminal position being a screen at a distance of 
12-15 inches to the side; this particular distance is roughly midway 
between the extremes of extension and flexion, and can therefore be 
assumed to minimize their cues. An alternative method is to place 
the screen at the midline and move towards the centre. The subject 
is invited to carry out a dozen or more such movements under each 
of the two following conditions: 

(a) NKR - no knowledge of results; after the completion of each 
movement the experimenter guides the subject’s hand to the appro- 
priate starting point; 

(b) KR - with visual knowledge of results; after the completion of 
each movement the subject is allowed to open his eyes (or to lift dark 
goggles, if used), to note the deviation and to return his hand to the 
Starting position. For obvious reasons the first movement in this 
Condition is not scored. 

The records are examined for the frequency of over- and under- 
correction, as well as for the extent to which the subject benefits from 
the visual knowledge of the result of each blindfold movement. 
Clearly in condition KR his performance involves ‘translating’ a 
visual cue into a motor response. However, this description might 
Seem inadequate in that it does not allow for the obvious importance 
of how well a subject is remembering the information which he re- 
Ceives, If he does not retain it accurately then subsequent errors may 
be due to memory losses rather than to inaccuracies of translation. 
It Seems, therefore, desirable to proceed from this brief exploration 
of blindfold performance to a more detailed study of eye-hand co- 
Ordination under conditions when visual information from the dis- 
Play and kinaesthetic information from the limb are allowed con- 
tinuously, but vision of the limb is excluded. 


ð 
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EXPERIMENT III. ‘MATCHING’ OF VISUAL 
AND KINAESTHETIC DATA 


Many skilled actions require that the hand, itself unseen, should be 
moved to a position dependent on that of some other item in space 
which can be seen. We need, therefore, a task which would demand 
that the limb, itself unseen, be moved over a distance specified by the 
size of an agreed misalignment - the latter being available for inspec- 
tion throughout the execution of the movement, so that a subject 
does not have to rely upon his memory. With these points in mind, 
it is arranged that a subject is seated at a table which has a second 
horizontal surface placed six inches over the normal surface. The top 
level carries a display of small disks numbered 1 to 10, arranged at 
varying distances of 3 to 18 inches from an additional disc marked X 
at the edge in front of the subject’s midline. The lower level has 2 
large drawing pin, corresponding exactly to the position of the x 
disc, and represents the starting point. This surface is covered by 4 
large sheet of paper or cardboard. It is arranged that the subject can 
see neither the lower level of the table nor his arm (a lightweight 
cloth may be used for the purpose). He is invited to move his hand; 
holding a pencil, from the starting point and over the distance indi- 
cated by the position of the numbered disc, to write down this num- 
ber and then to return to the initial position. In this manner a subject 
deals with the successive discs, When all the moves have been com- 
pleted, the experimenter records the individual errors. Two or three 
Sets of readings are taken, 

In the second part of the experiment a subject carries out another 
set of movements when the display of misalignments is presented a 
the same distance from the eyes,.as measured from the centre of the 
array of discs, but with the display now in the vertical plane. Again 
the subject’s own movements are screened from his vision. TWO = 
three complete sets of readings art taken, the experimenter recording 
the individual errors at the end of each set. 
fate will be found, not surprisingly, that under the a es 

h al = conditions, a subject will tend to move his han 
positions which ‘feel’ to be directly underneath the points indicate 
= ns not by any means clear how this kind of 

‘chieved, though there is a residual error of some 
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20 per cent, and perfect hits may not be observed. But considerably 
larger errors are made when the misalignmentssare presented verti- 
cally. Here a subject has to observe visually the spatial distance be- 
tween the points and then to translate this distance into a movement 
in which the only feedback information is kinaesthetic. It may be 
argued that the task could be carried out by ballistic movements, that 
is, a subject triggers off a movement of a particular force and extent, 
such movement not being controlled by any feedback information. 
But most subjects do not make such responses in this experiment. 
They tend to move relatively slowly and are obviously dependent 
upon kinaesthetic signals to indicate the position of the moving arm. 
The horizontal condition measures how accurately a subject can posi- 
tion his limb using only kinaesthetic information. The vertical condi- 
tion measures how accurately he can do this when he has first to 
imagine where the vertically observed distance would fall in the hori- 
zontal field and then carry out a visual - kinaesthetic ‘translation’ of 
that distance, 

As yet little is known about how individuals are able to carry out 
such motor responses, though these ‘translation’ processes are a 
common feature of many skills. When a particular movement is 
initiated, the musculature can certainly signal feedback information 
about how far the response has or has not been executed. But it has 
to be recognized that many skills first demand some symbolic transla- 
ton from an arbitrary criterion, such as producing a movement of 
12 inches, or making a semicircular trajectory, or applying a particu- 
lar Pressure. The evidence so far suggests that it takes a measurable 
time to carry out these translations, for the closer the correspondence 
between signal and response the quicker the initiation. It is now 
being Suggested that with very high stimulus-response compatibility 
the multi-choice reaction times as found in Merkel’s and Hick’s 
experiments can be reduced. If in one situation the light-stimuli and 
the key-responses are both arranged horizontally and in close one- 
to-one Correspondence it is found that the choice reaction.time is 
Shorter than in the situation. where the lights and keys dre net 
Spatially adjacent or where the signals symbolically indicate the 
APPropriate responses. There is no doubt that a high correspondence 

‘tween signal and response is a prerequisite if 4 skill is to be 
acquired quickly. 
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CONCLUSION AND SUMMARY 


This chapter has tried to bring out the underlying relationships be- 
tween a number of motor responses which at first inspection appear 
dissimilar. The approach has been to look not so much at the muscu- 
lature but at what is controlling it, less at the responses and more at 
the signals which have to be received before such responses can be 
made. The problem has in some ways been inverted with the em- 
phasis being put upon what is happening upon the perceptual side 
rather than upon the motor. It is recognized that there is a deficiency 
in our studies of the motor output per se but the emphasis upon the 
perceptual side has produced results and leads to a greater under- 
standing of the problem. For a long time, reaction time studies were 
being discussed as if they were only of historical interest. Now it is 
clear that this is by no means so. The reaction time results bring out 
the basic limitations of the human system in responding to discrete 
signals. It is because the human organism does react to stimuli with 
a definitely measurable time delay that we recognize the skill in anti- 
cipatory responses. It is through understanding how reaction times 
decrease as the probability of the signal increases that we have a most 
important clue to understanding what happens as skills are learned. 
The trained operator knows the interdependence of signals - given 
‘a that ‘b’ will follow — and as a result he can handle many more 
signals, though not more information, in a particular unit of time. 

We may summarize the position as follows: , 

1. The behaviour of 2 human subject performing a motor task is 
viewed as a process in time beginning with the abstraction of informa- 
tion from a variety of sensory cues about changes in the external 
world, and giving rise to some form of motor activity, which in turn 
influences the reception of further information available through the 
senses, 

2. Intervening between the receptor and effector functions are the 


. . i i 
analytical operations of the brain, the ‘decision’ and ‘translation 
which are concerned with 


E 2 selecting an appropriate action from 4 
repertoire’ of possible ac 


- tions. The time for such decisions is 
markedly influenced by the relationship between the display (signals) 
et ae response ~ what is now often called the stimulus-respons® 
compatibilities- 
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3. A further factor influencing the time duration of these perceptual 
processes is the probability of a signal, the greater its uncertainty, the 
longer the time to receive it. So much learning is an effort to reduce 
this uncertainty, thereby allowing the operator to predict future 
signals and begin preparing his responses. 

4. Without the ability to predict signals, the characteristic ‘smooth- 
ness’ of skilled sequences would not be possible. Decisions have to 
be made in ‘anticipation’ of the next signal whilst responding to the 
Previous item in a series. 
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THINKING 
B. M. FOSS 


Birkbeck College, London University 


INTRODUCTION 


It is convenient to consider thinking in two ways. A thinking man 
can describe his thought processes in terms of the ideas, images and 
perhaps feelings which occur to him. These can be called the content 
of his thought processes, and are usually investigated by intro- 
spection. Alternatively, thinking can be described in terms of its 
dynamics, for instance its direction, continuity or lack of continuity, 
and speed. These can be studied by behaviourist techniques (as will 
be seen later in this chapter) as well as by introspection. 

The content of thinking. Experiments on the content of thinking are 
Possible, but their results are often difficult to interpret. It is possible, 
for instance, to present a subject with a problem to solve, and to ask 
him to introspect after solving it. Similarly he may be asked to report 
on his thinking while in a drugged condition, or in other states of 
altered consciousness. His reports may provide a wealth of detail on 
the ideas and images which passed through his mind, but such 
reports are of doubtful scientific value for three reasons: first, they 
Suffer from the deficiencies of all subjective reports; secondly, the 
individual differences in the content of thought (the Würzburg 
group, passim, and McKellar 1957) are so great that the results from 
Such experiments tend to be specific to the person; thirdly; as will 
be seen in the next paragraph,iit is often difficult to trace any relatien 
between what a man is thinking and where his thoughts are taking 
him. That is, thescontent and dynamics of thinking are not clearly 
related, It is as though a man’s thoughts were often irrelevant to his 
behaviour, i 
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For these reasons, experiments on the content of thought do not 
often find a place ir. the teaching of experimental psychology. The 
exceptions are provided by experiments similar to those of the 
Würzburg school (Humphrey 1951). In the work of this school are 
to be found some of the most important experiments using intro- 
spection; and paradoxically the overall results underline the in- 
adequacy of introspective method. The climate of thought up to the 
time ofthese experiments was that there could be no thought without 
conscious content; that this content was made up of sensations, 
images or feelings; and that the progression of thoughts was deter- 
mined by previously formed associations between the items making 
up this content. The Würzburgers asked each other questions of the 
kind ‘What are the colours of the windows in the Sistine chapel?” 
or ‘One must be both pitiful and cruel in order really to be either. 
True or false?’ and as a result of introspective reports they concluded 
that the conscious content of thought was often ‘empty’, and the 
direction of thinking could not be explained solely in terms of 
associations within the content, but depended also on the task which 
the subject was tackling. (Occasionally the underlying process does 
come to mind if the task is interrupted.) It follows that introspective 
reports are inadequate in describing the direction of thinking, both 
because of the gaps in thought content, and because there is an 
underlying directing process which itself is not accessible to intro- 
spection. The first experiment of this chapter illustrates such an 
underlying process. These processes are sometimes spoken of as 
being unconscious, and before describing the experiment it is neces- 
sary to say something about unconscious processes, and also about 
the concepts of ‘gap-filling’ and ‘lack of closure’. 

Unconscious processes. These are thought of mainly in the context 
of depth psychology, such as that of Freud. However, such processes 
have been invoked for many years to explain phenomena in other 
realms of experience, for instancé by Helmholtz in his use of ‘un- 
conscieus inference’ in perception, and many examples have been 
eollected of unconscious processes in thinking (Carpenter 1874, 
chap. 13; Hadamard 1945). An analysis of these examples shows 
that explanations in terms of unconscious processes are given when- 
ever something occurs in thinking which does not appear to follow 
directly from “hat was being thought a moment before. Hadamard 
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gives many instances of mathematicians thinking about a problem, 
then leaving it to ‘incubate’, when finally a solution may occur 
suddenly - as though the problem had been solved unconsciously. 
Also the gestalt psychologists have shown that sudden insight is 
common in problem solving, while other psychologists and some 
philosophers talk of the ‘aha experience’. There are few experiments 
on the factors which give rise to these phenomena, although it is 
possible to demonstrate these things happening. Problems of the 
kind: ‘How would you construct four equilateral triangles from six 
matches?’ and ‘Which is worth more, half a ton of sovereigns or a 
ton of half-sovereigns?’ often lead to a wrong answer, followed by 
a ‘flash of insight’ and a correct answer. It may be that underlying 
the insight is a sudden change in viewpoint, rather than any un- 
conscious process, and these ‘trick’ problems are often framed in 
such a way that the solver is forced into a wrong approach to begin 
with. For instance, match problems are usually solved in two dimen- 
sions, whereas the one given here needs a solution in three dimen- 
sions, by constructing a pyramid; and the second problem is rather 
like} x 1=1X }. 

In these cases, then, the set is induced by the form in which the 
problem is given. In other cases (Maier 1930) it has been shown that 
a set can be induced by an object or incident in the immediate 
environment. For instance, a swinging rope may suggest the con- 
struction of a pendulum in order to solve a problem, even though 
the subject is not aware afterwards that he saw the rope swing. 

Yet a third source of set is ack of closure’. Lack of closure is a 
concept used by Gestalt psychologists. In the principle of Prägnanz 


they claimed that an unclosed percept will tend to close, because 
s will tend to close. For 


the concomitant physiological processe 
if seen for a short enough 


instance, a circle with a small gap in it, 
d circle. Lack of closure, they said, leads 


time, will be seen as a close 
and by translating this concept from 


to tensions requiring resolution; c 
spatial closure to temporal closure, they arrived at the idea.that an 


incompleted task results in similar tensions. Thus, Ovsianking (192%) 
showed that if children were interrupted in the course of a task, they 
then showed a marked inclination to resume the task later, as though 
to reduce the tension. Lack of closure is seen as a directing and 


motivating source. . 
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Indeed the Gestalt psychologists sometimes described the process 
of thinking itself as gap-filling and other psychologists (Selz, see 
Humphrey, chap. 5; Bartlett 1958) have used similar descriptions. 
In Bartlett’s case, thinking is seen as interpolating or extrapolating 
from the data of a problem, and so filling a gap between the data and 
the desired goal. 

The following experiment demonstrates that the direction of think- 
ing may be influenced by an incompleted task without the subject’s 
knowledge. Perhaps it also illustrates a phenomenon reminiscent of 
the incubation said to occur in unconscious thought processes. 


EXPERIMENT I. UNCONSCIOUS FACTORS 
IN THINKING 


First experiment. This requires more than one subject, and the 
subjects must not be aware of the purpose of the experiment. It is 
therefore not typical of the experiments presented in this book. It 
is followed by an alternative experiment on unconscious processes 
which can be performed on a single sophisticated subject. 

The experiment consists in giving subjects a series of scrambled 
words to unscramble within a given time interval. The time interval 
is chosen so that the S fails to solve some of the words. Later S is 
given a second set of problems which has no prima facie connection 
with the first. These problems consist of simple crossword puzzle 
type clues, each of which has two possible solutions. For each clue 
one of the solutions is also the correct solution, which S failed to 
get, of a scrambled word presented previously. The hypothesis to 
be tested is that this solution will be chosen rather than the alter- 
native, 


Material and considerations arising from it. The clues in the second 
part of the experiment can be of the kind: 


Part of each year -U-U-- 


There-are two solutions of this: 


AUTYMN and AUGUST. It is possible 
that these are not equally proba 


h : ble solutions. Supposing the experi- 
ment is designed to ‘force’ S to choose AUTUMN, then in the first part 


of the experiment S will have been given, say, AMUNUT to unscramble; 
if he failed to .olve it, he will, in the second part of the experiment, 
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have been given the above clue. If, to this clue, he provides the 
answer AUTUMN, one cannot be certain whether this is due to the 
experimenter’s manipulation, or an existing preference for autumn 
rather than August, or to any other factors. The ‘any other factors?’ 
can be controlled to some extent by giving the experiment to many 
subjects when, on the average, these factors should cancel each other 
out. It would also be possible to find out in a preliminary experiment 
the relative frequency of choice of AUTUMN and AUGUST within the 
population from which the subjects are to be drawn for the main 
experiment. As it happens, this is unnecessary, since this factor can be 
controlled in a simple way by giving half the Ss AUTUMN in scrambled 
form and half august in scrambled form. The prediction is then that 
fewer in the second lot of Ss will choose AUTUMN than will in the first 
lot of Ss. 

The material will therefore consist of several clues of the kind 
quoted above, each of which has two more or less equally probable 
solutions. These clues should be printed out on separate slips of 
paper, with the number of letters indicated by dashes, and those 
letters which are common to both solutions inserted to help the 
solver. Other examples are: 
with soldiers B-LLET (billet, bullet) 
-R--ER (draper, grocer) 
--R-ON (parson, sermon) 


Associated 
A shopkeeper 

Listened to in church 
ble solutions in scrambled form should also be 
There is no obvious reason for 
bling the words. For convenience 
ortant that they should not be 


Each of the possi 
printed on separate slips of paper. 
adopting any uniform plan in scram! 


in running the experiment it is imp! : i 
too easy to unscramble. It may be that E should avoid words which 


can be unscrambled in more than one way, but there is no experi- 
mental evidence on this point. The question of the number of prob- 
lems to set is discussed below. Some additional, trial, scrambled 
words should also be prepared. . 

Method. Ss should be instructed that they are to be asked’to ur- 
scramble some words within a time limit (not stated). Two or three 
trial words are then given and the time to solve each in turn is taken. 
This is done to give E some idea of the speed of S, and also to 
familiarize S with the task. Without a break, the expeimental words 
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are then given one at a time. In each case, if possible, S should be 
interrupted (‘time ap’) before solving the word, but not before he 
has had time to get involved in the problem. Half the Ss should, of 
course, be given the scrambled version of one solution to each clue, 
the other half being given the scrambled version of the alternative 
solution. 

After an interval of one minute, which should be occupied by 
conversation (to prevent S thinking further about the scrambled 
words and possibly solving them), the second part of the experiment 
can be started. (It is important that S should not realize that there 
is any connection with the first part, and some ingenuity may be 
necessary to achieve this.) The prepared clues are then given to S, 
one after another, and he is asked to solve them as rapidly as possible, 
but he is in fact allowed as much time as is necessary to solve them. 
Here again, a couple of trial clues may be used before the experi- 
mental ones, to familiarize S with the task. If, at any stage, S realizes 
how the two parts of the experiment are related, the experiment on 
that S should be abandoned, though any results obtained up to that 
point may be used. (It is most important that S should not be given 
the clue corresponding to a word which he successfully unscrambled, 
since this would lead to S’s seeing the connection between the two 
parts of the experiment.) 

Treatment of results. The results from all subjects for any one clue 


can be combined in a 2 x 2 frequency table. For instance, in the 
case of AUTUMN versus AUGUST: 


Presented with scrambled version of: 


AUGUST AUTUMN 
Number choosing AUGUST a. b 
Number choosing AUTUMN c d 


If the frequencies a and d are large compared with b and c, the 
results, indicate a tendency in the direction hypothesized. If the 
number of Ss has been sufficiently large, the significance of these 
results can be assessed by the chi-square test. Such a test would have 
to be applied separately for each pair of words. .: 

Another treatment is as follows: if the subjects were divided 
exactly in hali when given the alternative scrambled words, that is 
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ifa -+ c = b + d, then all the results can be lumped together as 
follows: o 


Number of occasions on which the ‘forced’ word was chosen 
(= 2). 

Number of occasions on which the alternative was chosen (=y) 

By chance, x should equal y on the average. Departures from this 
average can be tested by chi-square. If x is significantly greater than 
y, the hypothesis is supported. 

Number of subjects. If the first treatment is to be used, in which 
the results for each pair of words are analysed separately, then some- 
thing like twenty subjects will be necessary. With the second treat- 
ment, number of subjects multiplied by number of pairs of words. 
used should be ten or greater to test significance. Unless the pairs 
of words have been carefully chosen so that they occur equally often 
as answers to the clue, this product, pairs of words x subjects, 
should be a good deal larger. Five pairs of words given to four sub- 
jects might be considered minimal. 

Number of word pairs. The same considerations hold. If twenty or 
more subjects are available, only one or two word pairs need be used. 
At the other extreme, if the number of scrambled words which a 
subject is not allowed to solve is very large, the ‘load’ of incompleted 
tasks may be too great for them severally to affect later tasks. 

Possible uses of the experimental technique. Several variants and 
extensions of this experiment are possible. The last paragraph sug- 
gests an investigation of the interaction, if any, of incompleted tasks 
on each other. Is there a limit to the number of incompleted tasks 
which may effectively direct behaviour? Are there individual differ- 
ences between people in such limits? Is there any phenomenon 
resembling retroactive interference or inhibition which operates on 
‘sets’ acquired by not being allowed to complete tasks? 

Perhaps a more useful field tô explore might be: What is the 
optimal time interval between the first and second part of theexperi- 
ment? What are the limits of 
at all? What are the effects of varying con 
interval (e.g. sleeps complete change of task) and 
part of the experiment (fatigues excessive incentive) ? 

Finally, there may be other pursuits, beside solving scrambled 
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words which may be interrupted to generate a specific set; and there 
may be tests which are more sensitive than crossword puzzle clues 
for tapping that set. 

Second experiment, Both Messer and Watt (Humphrey 1951) used 
what has been called constrained association as a method of investi- 
gating the determining tendencies or A ufgabe underlying ‘associative’ 
thinking. In this method, the Subject is given a stimulus word to 
which he must respond with an associated word, but the response 
word cannot be any associate; it must have a certain relationship to 
the stimulus word. For instance, if the subject is instructed that he 
must respond with a co-ordinate, the stimulus ‘dog’ might lead to 
the response ‘cat’; that is, another member of the class. If the in- 
Struction was for a superordinate, then the response to ‘dog’ might 
be ‘animal’ or ‘pet’ or ‘mammal’; that is, the name of the class. If 
the subject is constrained in the same way for several trials, the ‘set’ 
gradually establishes itself. This shows in two ways: the reaction 
times become shorter; and introspections show that the process 
becomes more automatic. Whereas at first the subject finds a correct 
Tesponse by trial and error, eventually correct responses tend to 
appear as soon as the stimulus word is given. The present experi- 
ment illustrates this building up of an unconscious determining 
tendency, 

Materials, Sixty nouns, excluding abstract nouns, not in the order 
in which they came to mind. Assign numbers from 1 to 60 to the 
nouns, and arrange them in an order determined from a table of 
random numbers, 

Method. The first thirty words are presented to the subject in 
Sequence as stimulus words. In each case S must reply with the first 
word which it makes him think of (unconstrained association). Re- 
action times are taken in each case. 

The second thirty words are Presented in exactly the same way, 
but with the instruction: this time I want you to reply with the first 
word which comes to mind which belongs to the same class as the 
word F give you. For instance, if I say cat you might say dog, since 
both cats and dogs are Pets. Or to chair you might say sofa. Do you. 
understand? (Explain further if necessary.) All responses are again 
timed with a §top-watch. For these constrained associations, after 
each of the firs: five responses and again after each of the last five ask 
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the subject for his introspections (or rather retrospections) on what 
occurred to him between the giving of the stimulus word and the 
response. (One disadvantage of introspection is that what is being 
reported on - the introspector’s thoughts — must be altered by the 
very act of introspecting. Retrospection, as used in this experiment, 
may partly avoid this; but it is still possible that the subject’s 
thoughts may be affected by the knowledge that he will be required to 
retrospect. Also, in the brief time interval between the thinking and 
the retrospecting, something may be forgotten or misrepresented.) 

Treatment of results. Reaction times. The hypothesis is that these 
will get shorter for the constrained associations, but not for the un- 
constrained. This can be tested as follows. For the unconstrained 
associations, compare the mean of the last 10 reaction times with 
the mean of the first 10 (t-test is suggested for the purpose). Similarly 
for the constrained associations. The first test should yield non- 
significance, the second should be significant (Hoel 1960). 

If negative results are obtained, there are two main reasons: (1) the 
reaction times are so variable that much larger samples would be 
needed to demonstrate a significant difference between means, (2) the 
determining tendency may have established itself too rapidly. This 
happens with some subjects. 

The means of all reaction times under constrained and uncon- 
strained conditions may also be compared. 

Retrospections. Compare the retrospections for the first and last 
five of the constrained associations. Is there evidence that trial-and- 
error thinking gives place to an automatic reaction? 

Rationale of design. Any shortening of reaction times during con- 
strained association might be the result, not ofa determining tendency 
becoming established, but of experimental sophistication in the sub- 
ject. For this reason, 30 unconstrained associations are included as a 
control. Where should they occur — before, or after, or before and 
after the constrained associations, Sr in some other way mixed with 
them? There are several considerations: . 

1. For the determining terdency to show its effect, thé con: 
strained associations should occur in a series without a break. 

2. If the unconstrained associations are divided,.15 before and 15 
after the constrained associations, fatigue might obscure the occur- 
rence of improved performance in the unconstrained associating. 
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3. In the design as proposed here, any progressive effect such as 
fatigue, or transfer ef training, are likely to go against the effect which 
the experiment attempts to demonstrate. This is preferable, since if 
the results are in the predicted direction, one can be sure a fortiori 
that they are due to the factor being demonstrated, and not to the 
other progressive factors which the design attempts to control. 


SUMMARY OF RESULTS FROM 
INTROSPECTIVE METHODS 


Those things about thinking which have been discovered from the 
introspective reports of subjects can be summarized as follows: 

1. There are large differences between individuals in what they 
are able to report, and the kinds of things which they say happen 
while they are thinking. It has been seen that these differences are 
marked with regard to the imagery which occurs, and the extent to 
which thinking is said to occur without any images at all. Individual 
differences also show in the ways people go about solving problems. 
This is seen very nicely in the game known as twenty questions. 
When faced with the problem of finding out what somebody is 
thinking by means of questions which are to be answered by ‘yes’ or 
‘no’ only, no two people use exactly the same strategy. 

2. Most people are able to report associative links in the sequence 
of conscious thoughts which they have, but only for some of the 
time. The ‘laws of association’ were built on the assumption that 
these links are always there. 

3. Most thinking (probably including phantasy thinking) appears 
to be directed; that is, one thought follows another not just by chance, 
nor just because of association, but also because of an underlying 
directing agency which is not usually analysable by introspection. 
This direction can often be attributed to two main sources: the goal 
which is set by the accepted problem, and the existing state of the 
person. For instance, if I am asked to complete the sentence ʻI 
should very much like to... .’, I will start thinking about this sen- 
tence, and will try to find words which will make it meaningful, since 
this is the goal which has been accepted, but the solution I finally 
arrive at, ‘I should very much like to have a cun of coffee’, is the 
result also of my state of thirst at the moment. Both these factors 
are aspects of iny ‘set’ at the moment. 
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4. In solving problems, and sometimes too in creative thinking, 
many people report sudden changes in thinking yvhich often go with 
seeing things from a new viewpoint. There is a special class of these 
changes which leads to a solution or partial solution of a problem. 
In such cases one talks of having a flash of insight. Köhler (1925) 
considered that he was studying such sudden changes when his apes 
would solve a problem after a period when they looked as though 
they had been thinking about the problem. 

s. There are great differences in the ‘degree of insight’ which one 
may have while thinking. When first posed with a problem, thinking 
may at first be chaotic and only gradually give way to some structure 
or patterning. This change need not be sudden. On the other hand, 
if the kind of problem is familiar, the thinking may be structured 
and goal-directed from the start. It is thinking of such a structured 
kind that Köhler (1920, chap. 10) calls insightful. 

6. Sometimes thinking of the problem-solving kind is less efficient 
if the thinker tries too hard. Many people report this when trying to 
solve crossword puzzle clues, and especially anagrams. This seems 
to be equivalent to a similar finding in the performance of motor 
skills. On the other hand some motivation is of course necessary. 

7. Many people have reported a period of ‘incubation’ in problem- 
solving and in creative thinking. This is usually characterized by 
thinking about the problem intensely, then putting it on one side, 
whereupon a solution or illumination may occur, as though thinking 
had proceeded unconsciously. 

8. Thinking makes use of ‘lower order habits’ in much the way 
that motor skills do. Early work on typewriting and the sending and 
receiving of morse code (Book, and Bryan and Harter, in Wood- 
worth, 1938) showed that skills may be hierarchically organized. 
Operators learn simple skills related to individual letters and then 
words before they become skilled at the whole task, and these simple 
skills must become automatic or habitual if progress is to be made. 
The same process shows in the acquisition of a foreign language. 
At first the meaning of each werd in turn is learnt, but eventually 
such word-to-word translation becomes automatic and thinking in 
the foreign language may become possible (Foss 1956). 7 

There is no doubt that language plays a large part in most people’s 
thinking (here, of course, we are talking about the aative tongue). 

251 ° 


o 


PSYCHOLOGY THROUGH EXPERIMENT 


Although there is evidence from brain-injured patients and also 
from deaf-mutes that thinking without language can go on, it is clear 
that in the normal subject thinking without words is colourless and 
lacking in logical sequence. Whenever thinking involves words it is 
clear that ‘lower order habits’ are being used, since the words stand 
for things (including processes) and this ‘standing for’ is something 
which has had to be learnt, and which was at one time not automatic 
but a matter of conscious effort. Mathematicians are able to give 
many examples of the way in which their thinking has this hier- 
archical structure, though in this case the habits are not necessarily 
verbal. There is good reason to believe that in all thinking the 
thinker makes use of symbols which stand for whole classes of objects, 
attributes, operations or processes, and that this gives rise to economy 
(but also inaccuracy) in thinking. This will be discussed again in the 
introduction to the third experiment in this chapter. 


MOTOR THEORIES OF THINKING 


From the above it is clear that the introspective method has provided 
a wealth of information about what happens in thinking, but the 
method does not allow for experiments which will produce measur- 
able results, or enable principles and laws to be set up in a respectable 
scientific fashion. This has led experimental psychologists to adopt a 
behaviourist approach to the study of thinking. Thinking is regarded 
as one aspect of behaviour. Subjects are not asked to introspect, 
though what they say in answer to questions may be taken at its 
face value if there is reason to believe that the subject is co-operating. 

This behaviourist approach has been strengthened by the wide- 
spread belief that thinking is in. fact ‘internalized’ behaviour. The 
idea is that, when one is thinking about ways to solve a problem, one 
is implicitly indulging in trial-and-error behaviour — making the 
movements which would be involved in the behaviour, but on 4 
minute scale, or saying the words sub-vocally. A considerable number 
cf experiments have been performed which claim to show that think- 
ing is actually accompanied by small muscle changes in the periphery 
ofthe body. For instance, Jacobson claimed to have shown this (1929) 
for the skeletal muscles as well as for speech muscles and Max (1934) 
showed it for muscles of the fore-arm in deaf-mutes who had learned 
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to communicate by gesture rather than language. Some theorists 
have taken the extreme viewpoint that such muscle changes are a 
necessary condition for thinking. This is known as the motor or 
peripheral theory of thinking. A more moderate view is that they 
facilitate thinking, but are not essential. Others have argued that 
these muscle changes are not essential but are the result of some kind 
of overflow of more central activity. It is possible that such move- 
ments play more causal a part in the thinking of the young and it is 
not surprising to notice that the very old may return to making 
speech movements when reading or thinking. 

It is possible that some of the muscle changes which have been 
observed are the result of a general heightening of activity and most 
experiments have not been designed to test this alternative. A clear 
demonstration of the motor theory would need to show that certain 
patterns of muscle changes always accompany certain kinds of think- 
ing in a given individual, and that these patterns do not occur other- 
wise. The technical difficulties involved here are enormous. In the 
experiment which follows the problem is attacked obliquely in a 
way which makes it possible in the undergraduate laboratory. It is of 
interest to try the experiment on several subjects. The results will 
show that there are large individual differences between people in 
the extent to which speech movements do or do not play a part in 
their verbal thinking. These differences bedevil work on this topic. 
It is possible that the motor theory of thinking holds only for certain 
extreme types of people. 


EXPERIMENT II. EFFECTS OF INCQMPATIBLE 
SPEECH MOVEMENTS DURING THINKING 


Teaching laboratories do not have the equipment necessary to 
measure the minute muscle changes which occur during think- 
ing. To demonstrate that these changes do exist and to investigate 
their place in the thinking process it is necessary to use indirect 
methods. Several such methods, exist, though all of them have cer- 
tain deficiencies so that the results obtained are not entirely un- 
ambiguous. 7 an 2 
Jacobson (op. cit.) was one of the first to use an indirect method. 
He was a pioneer of progressive relaxation, using ‘he method for 
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therapy as well as tor research. Using this method he was able to 
reduce subjects to a state of general relaxation which is not normally 
possible without special training. When subjects were in such a state, 
he claimed that their thinking was impaired, that they were inefficient 
at solving simple problems, and were unable to imagine themselves 
making movements without becoming unrelaxed and to some extent 
making those movements. ‘The experience of muscular tenseness (is) 
a sine qua non of . . . thought process’ (Jacobson, p. 186). Another 
method which has been used to prevent muscle movements is to 
make subjects hold a pencil between their teeth while carrying out 
tasks which might be expected to involve the making of speech 
movements. It was expected that gross speech movements would be 
prevented by this technique (Barlow 1928). Rather surprisingly the 
experiment gave positive results. It would have been expected that 
some speech movements, especially movements in the larynx, were 
still possible; also there is evidence that a certain amount of tension 
assists certain symbolic activities (Courts 1939). 

In the present experiment, an attempt is made to demonstrate the 
part played by speech in thinking by making the subject carry out a 
routine task - repeating the alphabet over and over again - while he 
is thinking. The organs of speech are thus occupied with a task which 
is incompatible with their playing a part in the thinking process. If 
muscle movements are playing any major part in the thinking process, 
it will be predicted that repeating the alphabet should grossly impair 
any thinking process in which verbalizing is important. If it does 
not, the following explanations arise: 

1. Muscle movements do not play a major part in thinking, and 
they may possibly represent an ‘overspill’ of central activity; 

2. Muscle movements are still important, but subjects are able 
to rely on muscles other than those associated with speaking even 
when thinking about verbal material; 

3. Muscle movements are still important, but in carrying out two 
simultaneous verbal tasks, subjects are able to alternate, so that the 
muscles. associated with speech ‘devote’ themselves to the thinking 
activity in very small intervals which may exist while carrying out a 
routine process like saying the alphabet. In this case one would expect 


both tasks — the thinking and the saying of the alphabet- to be slowed 
down. ` 
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If repeating the alphabet is effective in impairing a simultaneous 
thinking task, it could be argued that this is the result not of in- 
compatible speech movements, but simply of the distraction pro- 
vided by the second task, since in general it is difficult to do two 
things at once if it is necessary to attend to both. It is therefore im- 
portant that the experiment shall be designed so that the distracting 
effects of reciting the alphabet can be assessed separately from those 
caused by conflicting speech movements. This is done by comparing 
the impairment caused by the distracting task on three other tasks: 
(1) the crossing of lines — a routine task in which there is likely to 
be no verbalizing by the subject, and in which any impairment can 
be taken to be due simply to the distracting properties of reciting 
the alphabet; (2) the cancelling of the word ‘the’ whenever it appears 
in a passage. The movements made by S are similar to those in 
task 1, but the perceptual problem is more difficult - one particular 
word has to be recognized whenever it appears. This is a task not 
requiring much intelligence, but one in which some verbalizing is 
likely to occur; (3) the writing of meaningful English. S may write 
anything that occurs to him, but it must be meaningful. This is a 
very simple task indeed, nevertheless it is essentially verbal (the 
quality of the handwriting is not considered, though it may be wise 
Not to call the subject’s attention to this!). 

In this experiment it will be expected that all three tasks will be 
affected by reciting the alphabet, through its sheer distracting power, 
but that tasks 2 and 3, and especially task 3, will also show effects of 
incompatible speech movements. ° 

Materials needed. A stop-watch. > 

Task r. Quarto sheets of short vertical lines arranged in rows. The 
subject’s task is to cancel every other line by drawing a short hori- 
zontal line through it as quickly as possible. 

Task 2. Duplicated copies of passages from newspapers, typed onto 
quarto sheets. All passages should be roughly in the same style of 
English (so that the word ‘the’ will occur with roughly the same 
frequency in all passages). The subject’s task is to cancel’ with a 
horizontal line the word ‘the’ every time it occurs and as quickly 
as possible. © o o 

For task 3, plain quarto paper only is needed. ; 

Design, Each task must be given with and without the simultaneous 
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recitation of the alphabet (which the subject is to do continuously 
and aloud), so that impairment can be assessed. It is suggested 
that S be required to work as fast as possible under all condi- 
tions (and that he be continually reminded of this) and that his per- 
formance be measured by the amount he does in a set time interval. 
Since during the course of this experiment there are likely to be 
progressive factors at work such as learning and fatigue, it will be 
necessary to repeat each task several times and take average scores. 
This will also be necessary for statistical treatment. In the following 
suggested design, 1, 2, 3 stand for tasks 1, 2, 3; A stands for the 
condition where S repeatedly recites the alphabet aloud, X for the 
condition where he does not. Each task should be carried out for 
15 seconds only. 

Order of tasks. IX 1A 2X 2A 3X 3A 1A 1X 2A 2X 3A 3X. After a 
short time interval, this should be repeated in the reverse order. 
Scores will then be obtained four times for each task under each 
condition. S will have spent only 6 minutes actually performing, so 
that it should be possible to repeat the design two or three times. 
This would make statistical treatment of the results possible. 

Practice trials. The learning which takes place at the beginning of 
any novel task is likely to be large. It is wise therefore to give S 
practice trials with all three tasks before starting the experiments 
Proper, so that the first few scores will not be over-influenced by 
learning. 

Instructions to subjects. Task 1. When I say ‘start’ I want you to 
cancel with a short line every other of these vertical lines (demon- 
strate). When you reach the end ofa line, carry on with the next until 
I tell you to stop. Work as fast as you can, 

Task 2. Here is a passage taken from a newspaper cutting. When 
I say ‘start’, begin at the point I have marked and cross out the word 
‘the’ every time it occurs. Work as fast and accurately as possible 
until I tell you to stop. (Do not allow S to start reading the passage 
beforehand.) 

- Task 3. When I say ‘start’ I want you to write down anything you 
like, so long as it is meaningful English, arranged in sentences. Con- 
tinue until I say ‘stop’, working as fast as possible but keeping your 
writing legible. 

Condition A. While you are carrying out the task, I want you to 
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repeat the alphabet aloud. When you have finished it, start again. 
Do not make any breaks, except where necessary for breathing. 

Condition X. Under this condition the S may mutter to himself if 
he wishes. Presumably the muttering will be related to the task and 
not incompatible with it. 

During the course of the experiment, S will flag in his reciting, 
and will tend to make more pauses than are necessary. When this 
happens he should be brought to order. 

Scoring. Task 1. Count the number of lines which S has cancelled 
in the 15-second period. 

Task 2. S indicates on each occasion how far he has got with read- 
ing the passage. Three scores can be used: number of words scanned; 
number of times ‘the’ has been cancelled; number of times ‘the’ has 
been missed. 

Task 3. Count the number of letters (not words) S has written. 
If S has written nonsense, and made spelling mistakes, draw this to 
his attention so that he is warned to keep up the standard asked for 
in the instructions. 

Treatment of results. For each task under condition there will be 
four (or a multiple of four) scores. The hypothesis that reciting the 
alphabet interferes with performance of a task can be tested by com- 
paring the scores for any one task under condition A with the scores 
for the same task under condition X, using a t-test or a non-parametric 
technique. If the null hypothesis is not confirmed, this will suggest 
that there is interference for that task. For task 2 this test can be 
made on all three kinds of scores remembering, of course, that the 
hypothesis suggests that the omissions will be more under condition 
A, whereas number of lines and number of cancellations will be less. 

It is likely that the results will be significant for tasks 2 and 3, but 
not for 1. This would support the hypothesis. But supp osing al g 
results are significant, or all are non-significant, it is still required to 
test whether the interference effects are maximum on 3 and minimum 
on 1. A rough way of doing this is to work out an ‘impairment score’ 
ee .o, performance in condition A For 

sk, in terms of the ratio performance in condition X 
s A . total words,read under A 
instance, for task 2 the ratio might be ya] words read under X’ 


ment score’ would be obtained for each 
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task, so that statistical comparison would not be possible. There would 
be only an indication if the impairment scores tended in the pre- 
dicted direction. 

Discussion of results. Let it be supposed that the scores have sup- 
ported the hypothesis: that simultaneous recitation of the alphabet 
while performing a task impairs performance on that task, and that 
the impairment is greatest when the task is a verbal one. Can it now 
be said that this impairment of verbal tasks indicates that speech 
movements play a major part in verbal thinking? Unfortunately there 
is still an alternative hypothesis, which must in fact take priority. It 
is that, when two tasks are performed simultaneously, the amount of 
impairment of the first task caused by the second becomes greater 
the greater the complexity of the first task. If everyday distractions 
are considered, this hypothesis will be seen to be sensible. Task 3 
is more complex in several ways: it is the only task of the three which 
requires the subject to create something, and (probably very impor- 
tant) it is a continuous task. Tasks 1 and 2 can be carried out inter- 
mittently - it is possible for the subject to cancel a line or a word in 
a brief interval during the reciting of the alphabet - rather in the 
way that one may answer a questioner in the middle of reading a story 
without losing the thread of the story; but task 3 is much more 
demanding in that the subject is required to produce a continuous 
passage of prose. 

Is it possible to decide between these two hypotheses? Is the 
greater impairment of task 3 due to its greater complexity or to its 
verbal character? One answer to this question would be to conduct 
a subsidiary experiment in which a non-verbal complex task was 
used. One of the difficulties here is to equate tasks for complexity. 
If one relies on subjective impressions of difficulty, then a suitable 
task might be ‘mirror drawing’ — the tracing of a line between the 
double contours of a star which can be seen only in a mirror. This 
task has been used very much inpsychology, because it provides 4 
complex motor activity which can be produced with simple means. 
For the purposes of the Present experiment it is useful because it 
can be supposed that most subjects will use words hardly at all while 
carrying out the task. The usual Score taken to assess performance 
in mirror drawing is the time taken to trace completely around 4 
double-contour star. The measure of impairment will therefore be 
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time taken und ‘ 
een Unfortunately, subjects always show a very 


time taken under X’ : 
great amount of learning with novel motor skills of this kind, and the 
dramatic improvements in performance which result from practice 
make such tasks difficult to use for the sort of experiment being dis- 
cussed here. One way out of this is to practise the subject until he 
reaches a plateau of learning at the skill before starting on the ex- 
periments; but the result of this is that, in a sense, the task is no 
longer complex - it has acquired some of the properties of a habit 
and is no longer ideal for the present experiment. 

Another way of attempting to decide between the two hypotheses 
is to use an interfering task which is so simple that its distraction 
properties per se can be shown to be negligible. One such task is 
to get the subject to say over and over again one single word, pre- 
ferably one which keeps the lips and tongue fully occupied, such as 
the word ‘with’. If the constant repetition aloud of the word ‘with? 
is used as an interfering task, it will be found that performance at 
non-verbal tasks is not affected measurably, but that verbal tasks, 
such as task 3, are still severely impaired. A better test of the original 
hypothesis would therefore be to use the constant repetition of such 
a single word rather than to use the more complex task of repeating 
the alphabet. The reason why this was not suggested originally is 
that very few subjects can do this without cheating. Most subjects, 
if asked to repeat over and over ‘with? while they are writing free 
prose, will modulate their utterances so that what they are speaking 
Sounds very much more like what they arg writing! So that their 
Speech movements have ceased to be incompatible. 7 


CLASSIFYING 


Earlier it was stated that ‘. . . there is good reason to believe that 
in all thinking the thinker makes> use of symbols which stand for 
whole classes of objects, attributes, operations or processes,» . - It 
is possible that this sentence could be applied, with little modifica- 
tion, to perception and remembering as well as to thinking. If some- 
One reports that he has just seen a dog, he is using such a classifying 
Process, He is reporting seeing one of a class of objects. It is quite 
likely that the only attributes of this particular dog which he may 
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remember are just those attributes which apply to all dogs - four- 
leggedness, hairiness, etc. Remembering in this way is economical: 
it means that the dog in detail has not had to be retained, and the 
‘load’ on the nervous system is much reduced. But this is done at 
the expense of accuracy and there is loss of information. For remem- 
bering to happen in this way several things are necessary: the ob- 
server must already have a classification of doglike objects; he must 
perceive an object which has sufficient attributes of a doglike kind 
to result in that object falling in the class; and he must have a word 
for the class - ‘dog’ - so that he can later report having seen such an 
object. Of course, most people have many subclasses of dog: small 
dogs, shaggy dogs, terriers, etc., and if one of these subclasses is used 
in remembering a dog there will be less loss of information and less 
inaccuracy in recalling the dog. To reach such a degree of sophistica- 
tion more learning will have had to take place (presumably this will 
be seen at its maximum in a dog fancier) and greater discrimination 
in perception will be necessary. 

During thinking, it is clear that classifying processes are being 
used continually. On being given a problem to solve, one response of 
the subject will be ‘what kind of problem is this?’, that is, what class 
does this problem belong to? During the solving of the problem it is 
likely that the subject may frequently use analogy (i.e. conscious 
transfer) - ‘this is like a pendulum whose swings gradually get 
smaller’. He is almost certainly not thinking about any particular 
pendulum but about the class of objects called by that name. If he 
visualizes one, it may be none that he has ever seen, but an imagined 
‘typical instance’ of the class. And when he produced a solution, he 
will call it a solution because it generates a feeling of certainty which 
is associated with having solved problems, that is, it will be a feeling 
that falls into a certain class. 

The word classifying as used here could cover many psychological 
Processes, from stimulus generalization and stimulus equivalence tO 
concept formation, concept attainment and categorizing. When a 
subject in a conditioning experiment has been trained to withdraw 
his hand to note G on a xylophone, he will also withdraw his hand 
to F. He has ‘classed’ the two notes together as far as this particular 
response goes, but the two notes are on the same continuum an 
indeed very like each other as physical stimuli, and here the expres- 
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sion ‘stimulus generalization’ is used to describe the process. On the 
other hand, a man may think of a dog if he sees one, hears one, reads 
the word ‘dog’, hears someone speak the word, etc. Here the various 
stimuli which produce the same response are very unlike each other 
and do not even belong to the same stimulus modalities. In such 
complicated cases we say that the man has a concept of dog. Never- 
theless this is still a classifying process. 

This process seems to be so important in many kinds of behaviour 
that it has been studied at many different levels. As it concerns 
thinking, the following are some of the many studies of classifying: 

Concept formation in children: how children form concepts of 
number, volume, etc., and at what ages. Much of Piaget’s work is 
concerned with this. 

Categorizing in children: how children sort objects into classes, and 
on the basis of what attributes (Piaget, and Werner, 1948). 

Concept attainment: this has been studied in many experiments in 
which subjects have to arrive at a way of classifying objects which the 
experimenter has thought of (Hull, Reed, Smoke, Heidbreder, Hanf- 
mann and Kasinin. See Andrews (1948) PP- 108-15). This is also 
often called concept formation, but it has been pointed out that the 
subject is using concepts which he has already formed. 

Effects of brain lesions: Goldstein (1942) was one of the first to point 
out that brain-injured patients find it more difficult to use abstract 
concepts than concrete ones, and often lose their use completely. 

Schizophrenic thinking: one of the most noticeable things about 
schizophrenic thinking is the way in which jtems are classified idio- 
Syncratically. Arieti (1948) quotes the case ofa schizophrenic who 
had classified together sex, Jesus Christ and a cigar box because they 
all involved encircling. Creative geniuses also arrive at unusual classi- 
fications, but these are not thought of as psychotic if their scientific 
or artistic validity can be demonstrated. For instance, to class to- 
gether an apple falling to earth and the earth in orbit around the sun 
was highly unusual, but not psychotic. os 

Individual differences in categorizing: a series of experiments under 
Bruner is directed at investigating individual differences ın the sizes 
of category which, people use, in relative abilities to use conjunctive 
and disjunctive categories, etc. (Bruner ef al. 1956). 

Logical thinking: many problems in logic are p: 
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manipulation of classes or categories. A problem of the kind ‘All 
A are B; some B are C; therefore some A are C- true or false?” is 
getting at a person’s ability to manipulate categories. Woodworth and 
Sells (1935) have worked on syllogisms in this way. Classical logical 
forms such as the syllogism are rare however in everyday thinking. 
Several of the experiments on concept attainment have used a 
technique which is similar to that known as paired-associate learning. 
Pictures or figures are prepared, a group of which can be classed 
together because they have something in common. To each of these 
pictures or figures a symbol is attached (e.g. a nonsense syllable) and 
the subject has to learn what property of the picture or figure is 
represented by the symbol. In Smoke’s (1932) experiments, in which 
geometric figures were used, nonsense syllables were attached to all 
those figures which had one property in common. For instance, 
syllable dax was attached to all figures containing a circle and two 
dots, one dot being inside the circle, the other outside. All figures not 
having this property were called non-dax. Smoke discovered that the 
negative instances assisted subjects in discovering the common prop- 
erty, yet at the same time subjects paid singularly little attention to 
these negative instances. Other experimenters have also shown that 
humans appear to avoid looking for negative instances when trying 
to identify concepts, even when the discovery of such instances might 
be of great assistance in solving the problem (e.g. Bruner, op. cit.)- 
The following experiment illustrates a technique, similar 10 
Smoke’s, for investigating concept attainment. It is applied to the 
problem: what proportion of positive and negative instances of @ 


concept should be presented for greatest efficiency in arriving at the 
concept? 


EXPERIMENT III. POSITIVE AND NEGATIVE 
INSTANCE IN CONCEPT ATTAINMENT 


The problem. A subject is presented with a series of geometrical 

figures. some of which have a property in common, and are labelled 

X, others lack this property and are non-X. The subject is asked to 

guess what X stands for. Will he arrive at the solution most rapidly 

if arl or nearly all the figures are X, or if half are X and half non-¥, 

or if nearly all are non-X? In fact, what is the optimal percentage 
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for positive instances | x, 2 - X 100)? This is an exploratory 
X + non-X “ 


experiment. Results will to some extent be specific to the subject 
used in the experiment. 

Considerations in the design. The optimal percentage of Xs will 
depend on the total number of instances, positive and negative, pre- 
sented to the subject. This total will be controlled, kept constant, at 
10 in all parts ofthe experiment. The percentage of positive instances 
will of course be varied, since this is the independent variable. The 
dependent variable - the speed of the subject at arriving at the con- 
cept - will be measured in two ways: time taken; and number of 
guesses to the correct answer. A main source of variance in the results 
will be the uneven difficulty of the varying concepts used. In the 
space of a laboratory class experiment it is not possible to conduct a 
preliminary investigation to help in choosing concepts which are all 
equally solvable. Hence it will be necessary to treat several concepts 
at each value of the independent variable, and use average results. If 
one subject is to be used throughout, progressive effects, such as 
fatigue, or transfer, are likely to occur, so that the various values of 
the independent variable must be presented to the subject in random 
order, Since the experiment is directed at finding the values taken 
up by the dependent variable (time taken) when the dependent 
variable (percentage positive instances) is given several values, the 
results may be treated by plotting time against percentage in a graph.. 

Material.* Each problem to be presented to S will consist of a 


sheet of paper containing 10 geometric figures; those which have 


the common feature which S has to guess will be labelled X. The 


remaining non-X figures must, of course, not have this feature. 
Fifteen such concepts will be needed. There are a great many 


possible concepts. Some are: 
xX non-X 


Containing at least one curve ° No curves . 

Made up of three items With 1, 2, 4, 5, etc. items 
Containing an acute angle, « No acute angles « ‘ 
Symmetrical Asymmetrical 


With lines crossing No lines crossing 


isfactory in use will be 


* S ich have been found sat 
in een huen & Co. 2s. 6d.). 


found in the instructor’s material (Messrs Met 
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The first step is to invent fifteen of these, trying, as far as this can 
be anticipated, to make them of the same order of difficulty. Label 
these concepts 1 to 15. These are to be apportioned randomly to the 
five values of the independent variable which are to be used. 


Condition A B € D E 

Independent variable (percentage Xs) 20 40 60 80 I00 
Number of Xs 2 4 6 8 10 
Number of non-Xs 8 6 4 2 o 


There will be three concepts for each condition. The fifteen sheets 
of paper are then prepared according to this plan. If for instance, the 
concept symmetrical has been allotted to condition B, four sym- 
metrical (labelled X) and six asymmetrical (labelled non-X) figures 
must be drawn on one sheet of paper. The arrangement of X and 
non-X figures should be varied from sheet to sheet, but always 
uniformly spread, so that S, when rapidly scanning the sheet, will 
easily spot examples of X and non-X. 

The 15 sheets are now presented to S in a sequence prearranged 
so as to control progressive effects. For instance: 


Order I 23 4 5 6 7 8 9 mwn 12 13 14 15 
Condition CABEDEADBCD BCE A 


(Notice that for any one condition the ordinals add to 24. This means 
that for each condition the average position is the same.) 

Instructions to subject. Here are ten figures. Those marked X have 
something in common which the others do not have. I want you tO 
guess what that thing is, and go on guessing until I tell you that you 
have guessed correctly. (If S is not familiar with this kind of prob- 
lem, give practice with a sheet which is not to be included in the 
main experiment.) 

Measurements, Take the time for each problem with a stop-wateh. 
Count the number of guesses which are made on each problem. 

Treatment of results. For each condition, calculate the mean time 
taken for solving the three problems, and plot this against the pe 
centage of Xs (positive instances). Ir general, the time for solution 1$ 
shorter as the percentage of positive instances increase, provide 
there are still Some negative instances, In the experiment described 
here, the optimal percentage is likely to be 80. If S has had to sar 
several guesses before arriving at correct solutions (this will not 
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the case if the figures have been prepared thoughtfully so that each 
problem has a unique solution), the average number of guesses can be 
plotted against conditions, and a similarly shaped graph should result. 

In this experiment, pooled results from a class may be plotted 
provided all experiments have been done by the same method, but 
preferably with different subjects being set to solve different selec- 
tions of concepts. 
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Chapter 7 
EXPERIMENTS ON ANIMALS 


J. A. DEUTSCH 
Stanford University, U.S.A. 


INTRODUCTION 


It has been the tradition among theorists in psychology to con- 
struct systems whose predictions are then tested by experiments 
done on the rat. This has had two unfortunate consequences. First, 
rat psychology has become a substitute for comparative animal 
psychology, and second, the rat’s behaviour is almost unknown out- 
side the conditions about which the psychologists had made predic- 
tions. It is therefore necessary to remove some misapprehensions 
at the outset. This chapter is not really devoted to animal psychology 
but to the behaviour of the rat, which in many ways is not a typical 
animal (if any such beast there be). The rat is a small nocturnal 
rodent, with numerous predators, and it is also an animal which lives 
in burrows. The wild Rattus Norwegicus is greyish brown in colour 
and is of an extremely vicious disposition. Both the albino white rat 
and the hooded rat are mutant varieties of the wild grey Norway 
rats and are genetically much tamer. It is these mutants which are 
consequently used by the experimenter, the ‘better’ specimens being 
selected for breeding. In this way a strain which can safely be 
handled and which performs well in the experimental situation has 
been selected. The rat which is used has undergone a process of 
‘domestication’. As a result, when we experiment on our laboratory 
stock, much of the behaviour we observe had already been built in 
by our choice of mutant and our further selection of animals. For the 
effects of genetic constitution on the behaviour of rats it is instructive 
to read the work of Keeler and King (1942). Such considerations 
should make us circumspect about any generalizations to other 
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species from work on the laboratory rat. We certainly cannot say 
that we are studying animal psychology in general and it may be 
doubted, on account of the selection procedure mentioned above, 
whether we are even studying rat psychology in general. 

The second point which was made above should also be amplified. 
It was said that the Rat’s behaviour was almost unknown outside the 
conditions about which psychological theorists had made predictions. 
Theories were constructed chiefly about learning and deductions 
from them were tested by designing experiments on the rat. As a 
result, the behaviour of the animal outside these preconceived 
situations has been very little studied. The rat is kept in its metal 
cage until required for the experiment and then promptly returned 
after highly selected pieces of its behaviour are observed with great 
precision under the experimental conditions. Consequently it came 
as a surprise to the author that the laboratory rats are indefatigable 
burrow constructors when he came to observe them under more 
natural conditions. No reference to this behaviour is to be found in 
the literature. f 

It may be asked why the rat has enjoyed such high popularity 
as an experimental animal since Small began using this animal in 
Psychological experiments in 1900. Among the factors which led to 
the choice of the rat as apart from other animals must be ranked the 
large size of its litters, the shortness of its pregnancy (21 days) and 
the fact that a rat is ready for experiment when it is three months old. 
Further, rats are small, a number of specimens can be kept in one 
cage (they do not normally fight each other, as will other small 
rodents) and they are on the whole free from epidemics. In short, 
large numbers necessary for the statistical nature of most psycho- 
logical experiment are easily maintained. Added to these character- 
istics, is the rat’s temperament. They are lively, inquisitive and highly 
adaptable (unless they are terror-stricken because they have been 
Poorly tamed), They are cheap to» buy and maintain and are very 
robust. When one has attempted to work with other species, as the 
author has with ferrets and squirrels, one begins to appreciate the 
Virtues of the rat. As a result of these advantages, @ large body ar 
data has been obtained on selected aspects of the, rat’s behaviour, 
These have been chosen as a result of the various coin 
Which have raged in psychology and cover the learning processes © 
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this animal with an unusual thoroughness. It is safe to say that we 
know much more about the learning behaviour of rats than of any 
other animal. Also as a result of the theoretical interest of many of 
the observations and their scrutiny by opposing sides, many issues 
have been investigated with a thoroughness unusual in other parts 
of the subject, so that the range of theoretical possibilities has been 
narrowed to the point where close thinking becomes rewarding. 
Though the organism that has been studied has partly come to be 
what it is by selective pressures applied by the laboratory, all 
animals are the resultant of selection operating in one way or another. 
There is the hope that if we come to understand thoroughly one 
animal as such, other species will prove less refractory to theoretical 
investigation. However, even if we study the rat for its own sake, a 
set of problems of extraordinary fascination clamour for solution. 


NOTES ON HANDLING RATS 


Unlike human subjects, rats have to be kept in the laboratory and 
looked after by the experimenter. Though this has certain incon- 
veniences there are compensating advantages. The rats are always 
there when required, and to quote Tolman (1945): ‘They do not g0 
on binges the night before one has planned the experiment.’ Keeping 
a small colony of rats is not a difficult business but it is a task which 
demands close routine. Such manuals as Farrer-Griffith or the 
UFAW Handbook give excellent information. For use as animals in 
practical classes there are various practices which have been found 
expedient. The laboratory should do its own breeding. In this way 
the animals used for the practicals can be handled from the time they 
can walk - and before they have a fear of handling. An animal, once 
it is afraid of handling, can be tamed, but is never so trustworthy 
or relaxed as the animal which has always been tame. A rat is not 
born afraid of human hands, © uch a fear seems to appear at 4 
certain stage in its development. If it is handled before this crucial 
Stage this fear does not appear when the familiarity is kept up bY 
constant handling. In this way really tame animals can be obtained. It 
15 necessary to instruct the animal attendant to take the young out for 
+a quarter of an hour each day and to handle them. In this way, when 
the animals are three months old they are ready for use in an experi- 
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ment without any pre-training and with safety. This aspect of safety 
is worth stressing. A rat has very sharp long teeth and its bite can 
produce various types of illness. It is therefore well worth taking 
certain precautions. Animals should never be given tit-bits by hand. 
Rats are half blind and greedy and may mistake a student’s finger for 
a tit-bit. Hands should always be washed, not only after, but before 
the animals are handled. The rat identifies its food chiefly by smell 
and if the hand smells of food it is treated as food. Care should be 
taken that the animal is not hurt. It is to be remembered especially 
that the rat has a long tail which is easily trapped. When the rat is 
hurt, from whatever cause, it will turn on the nearest object (prefer- 
ably a moving one) and bite it with devastating effect. Therefore if a 
rat is accidentally hurt, do not attempt to lift it with your hand. 
Your hand will be bitten however good your intentions. Use another 


instrument. 
However, unless the rats have been thoroughly tamed by the 


method described above, bites will occur when attempts are made to 
pick the animals up. Instead of using a thorough taming procedure it 
is possible to use thick industrial gloves to protect the hand. This 
method, though guaranteeing safety, does not provide good experi- 
mental subjects.. The rat cannot do any damage by biting but it is 
likely to be in a frightened and disturbed condition, and in no fit 
State for an experiment, as fear tends to produce immobility in the 
rat. The wild rat is hunted in its natural state by predators which, 
like the cat and the fox, are visually sensitive only to moving objects. 
The rat can therefore best hide by keeping motionless. And this, 
unless we are very careful, it will attempt to do if it is placed in the 
maze without being thoroughly tame. The rat should always be 
treated as a pet, gently but firmly. , Ben 
Many experimenters insist that the rat should be kept in noiseless 
Surroundings and that the experiments be conducted in complete 
silence, Having seen rats live on railway stations unconcerned at the 
uproar, it has always seemed to the writer difficult to believe that 
rats are necessarily upset by noise. In fact the greater the preceutiops 
taken about noise, the greater the disturbance 1n the rat’s behaviour 
Which results from it. The truth seems to be that the rat is upset by 
any unusual stimuli, and it will be upset by noise if the noise e 
unusual. If a rat is well habituated to noise it will not take notice 0 
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it. When rats were first introduced into the writer’s laboratory they 
were kept in a room next to the very noisy main road. As a result a 
rat trained for a demonstration to operate a Skinner box maintained 
its habit with perfect composure even when the room in which the 
demonstration was held became full of people milling round and 
talking loudly. Therefore if the rats are to be used in the practical 
class, they should not be made to lead too cloistered an existence 
before this event. Otherwise they will behave like the countryman on 
his first visit to a noisy city. 


EXPERIMENT I 


Drive discrimination in the rat. Introduction. An animal will only eat, 
or run a maze in order to eat, when it is in a certain state, That is 
when it has not had access to food for some time before, Similarly, 
it will not drink, or perform any instrumental act in order to drink, 
unless it has been deprived of water. Any theory accounting for 
animal behaviour must account for these facts. There have been 
many theories of behaviour such as Thorndike’s, all stemming partly 
from the doctrines of associationism and partly from the work of 
Pavlov. The most generally accepted and best worked out of these 
theories has been put forward by C. L. Hull. This may be regarded 
as the best attempt to explain the facts of behaviour using the 
notions of conditioning. 

It is one of the basic tenets of such theories that a response made 
by the organism, that is, some movement occurring in the muscula- 
ture, is set off by some other set of events originating in the sense 
organs and called a stimulus. Therefore if an animal does something 
on one occasion and not on another, there must be a difference in 
the stimuli present on the two occasions. It is held in the case of the 
animal which does not cat whei: food is present that there is a 
stimulus absent. This stimulus is thought to arise from within the 
organism, unlike the stimuli of food, and persistently to send up # 
stream of afferent impulses which give rise to eating when they are 
Present concurrently with the stimuli of food. These stimuli arising 
‘vithin the organism in the case of hunger are called drive stimuli 
(Sp). These drive stimuli (Sp) will in combination with the appt 
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priate stimuli give rise to responses which in the past became 
associated with eating. 

This is held to occur as follows. If a stimulus and response occur 
together in time (as they can by chance) and such a conjunction is 
followed closely by a reinforcing state of affairs, then when the 
stimulus occurs again it will tend to evoke the response. By a 
‘reinforcing state of affairs’ is meant an abrupt diminution of the 
drive stimulus (Sp) which will occur for instance when the animal’s 
physiological deficit, which caused the stimulus, is abolished, say, 
by the ingestion of food. 

As the drive stimuli and the stimuli at a choice point in the maze 
occur together before the animal makes a response which is followed 
by a reward, the stimuli at the choice point and the drive stimuli 
will, when they occur again, tend to evoke the response which was 
followed by reward. However, this notion that a drive, like hunger or 
thirst, is just another stimulus, similar to the stimuli generated by the 
maze, soon met difficulties. Hull himself (1933) tested the notion 
by seeing whether animals can learn to respond in one way when they 
are, say, hungry, and in another when they are, say, thirsty, running 
in an otherwise identical situation. For example, if we take a T-maze 
and place water in the left goal-box and food in the right goal-box 
and make the animal thirsty one day and hungry the next, it should 
be possible in time to train the animal only to take the side appropriate 
to its need. The stimuli of hunger should tend to evoke the right 
turning response and the stimuli of thirst a left turning response. 
Hull accordingly performed such an experiment, but with one 
difference. He used a maze in which a turn one way would produce 
water and one the other produce food. However, both paths led to 


the same goal-box because the arms of the maze after diverging came 
together again. On a ‘hunger’ day the animal could reach the goal- 
ed in the 


box with food in it if it turned in one direction. If it turn 


other, it simply met with a block and had to retrace. Now the animals 
in this situation learnt extremely slowly. Hull found that there was 
ths of training and only about 


almost no learning in the first few mon! \ c 
77 per cent accuracy by the first 200 days of training with five trials 
a day if we take the first trial in the day. Such slowness of learning 15 
to some extent inconsistent with the notion that the animal is being 
Conditioned to differing stimuli in the ordinary sense. However 
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Leeper (1935) in a series of experiments was able to show that only 
animals in Hull’s situation (with a single goal-box and a blind alley 
if they were unsuccessful) found the task of discriminating their 
drives difficult. He showed that if animals were placed in a situation 
where the food and water were placed on two different goal-boxes, 
so that they would see the food or the water whether they were right 
or wrong, would learn with great speed (90 per cent accuracy on Ist 
trial) after only 10 days. Bolles and Petrinovich have also demon- 
strated extremely rapid learning in this situation. This removes one 
particular difficulty for the Hullian view, by showing that if there are 
drive stimuli they can be efficiently discriminated as we should 
expect by analogy from other stimuli. 

There are however other difficulties left. We have to explain why 
learning was so much more efficient in Leeper’s experiment than in 
Hull’s. In Leeper’s experiment there were two goal-boxes and the 
animal never met a block whichever way it went. In Hull’s experi- 
ment there was only one goal-box and the animal could not reach it if 
it made a mistake. There are therefore two possible explanations of 
the discrepancy between Hull’s results and Leeper’s results. The 
first is that the difference was due to the goal-boxes and the second 
that the difference was due to the blocking of an alley, which led to 
the goal and which the animal would remember and assume was 
blocked even when it became the correct alley. To find out which 
of these contingencies gave rise to the discrepancy, the present 
writer (Deutsch 1959) repeated Hull’s and Leeper’s procedure on 
two groups of rats and also added a third group. This third group 
received its rewards (food or water) in the same goal-box but found 
its way to the goal-box and the reward whether relevant or irrelevant, 
whichever way it had chosen. In this way it could be seen (a) whether 
the inferior performance of the Hull group was due to confusion 
because of the use of one goal-box or (b) whether it was the absence 
of the irrelevant reward or (c) whether it was the presence of a block 


when the animal had made an incorrect choice which led to the 
discrepant results. The result of t 


hat the animal his further experiment showed 
that the anima 


s difficulty stems from having to go a different way 
to the same place depending on what it needs. The results of the 
Huh and control groups were very similar, which showed that it was 
the factor of the common goal-box which led to the difficulty. How- 
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ever, there was a difference between the first trial scores of these 
groups. The Hull group was greatly inferior to the control group on 
the first trial of each day’s runs, showing that thé block had an effect 
100, but only on the first run. That this is the separate effect of a 
block and that it appears in other situations has been shown in the 
context of Leeper’s experiment by Deutsch and Anthony (1958). 
These workers used a T-maze with food in one arm and water in 
the other. They also made their animals hungry or thirsty for each 
day’s runs. They divided the animals into two groups, one which 
met a block (which was out of sight at the choice point) when they 
made a wrong choice and another group which did not. Again there 
was a large difference between the first trial scores of these groups. 
The animals which were prevented by a block from reaching the 
wrong goal-box did much worse on the first trial of the next day. 
The percentages of correct choices for the first trial of each day for 
the first period of training may be compared for the two groups. 
The experimental group with the wrong goal-box always blocked 
scored 6152 per cent (SD = 12°17) correct on their first trials of 
each day whereas the control group scored 78:94 per cent (SD = 
11-49) on the first trial of each day. The probability of this difference 
as assessed by the t-test is smaller than oor. However, if we compare 
all the trials together, then the percentage of correct trials for the 
experimental group with the group goal-box blocked off is 74 
(SD = 6-24) and that of the control group (both boxes accessible) 
was 78:05 (SD = 3-18). The means are not significantly different 
here. (These findings, and those of the Hull-Leeper experiments, 
can be predicted by Deutsch’s hypothesis (1956).) Though itis to be 
doubted whether Hullian theory can account for the findings quoted 
above, a more serious difficulty arises for the theory that a drive is a 
stimulus which is conditioned when we consider the experiment of 
Kendler. Now Kendler trained his rats when they were hungry and 
thirsty simultaneously. He used.a T-maze with water on one side 
and food on the other. His experiment is very important with regard 
to the stimulus theory of drive because both the stimuli of thirst and 
hunger were present for Kendler’s animals whenever they made a 
rewarded choice. Hull could only explain the animal’s ability to 
choose correctly in his and Leeper’s situation by saying that the ‘drive 
Stimuli of thirst had become connected to the response leading to 
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water because they were present before this response occurred. The 
drive stimuli of thirst had not become connected to the response 
leading to food because they had not been present before that 
response took place and was followed by reward because the animal 
was then hungry and not thirsty. Now in Kendler’s experiment the 
stimuli of hunger and thirst were simultaneously present. AS a 
result the stimuli of hunger would be connected equally to the 
response leading to the food and to the water. The same applies to 
the thirst stimuli. Therefore when the animals were made separately 
hungry or thirsty they should not have been able to choose the correct 
reward except by chance. The drive stimuli of thirst appearing alone 
would, according to Hull’s postulates, evoke both the response of 
going towards the food side and the water side impartially. (It is to 
be stressed that Hull when he talks about the reinforcing process 
treats all rewards as having the same effect. A thirst drive stimulus 
will be connected to a subsequent response whatever the nature of 
the reward, or diminution of need, which follows.) However, 
Kendler found that the animals which had been trained when both 
drives were present, could choose the appropriate side when one 
drive was present. This makes it look as if drives do not operate as 
if they were stimuli and that reinforcement is much more selective 
than Hull postulates. 

Hull himself, following the suggestion of Spence, Bergmann and 
Lippitt, adopted another line of reasoning to help him out of his 
difficulty. He attempted to save the situation by introducing the 
notion of the antedating goal reaction or Ty 

This notion was introduced by Hull to account for the behaviour 
of an animal when it was not apparently responding to stimulation 
impinging at the time but was seemingly guided by a goal which was 
not directly stimulating the animal. This is what must be happening 
on the Hullian analysis in the Kendler double-drive situation. The 
stimuli impinging on the animal. at the choice point cannot be 
determining the correct choice of the animal. It must be the goal 
towards which the animal is directed which is determining the 
animal’s choice. Such a notion seems at first sight alien to Hull’s 
way of thinking. But Hull attempted to derive this kind of concept 
from the principles of conditioning in the following way. He sug- 
gests that a part of the stimulation characteristic of the goal is acting 
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at the choice point and that it has been displaded. It has been dis- 
placed because each stimulus when it occurs does not die away 
immediately but fades away gradually. Therefore the traces of the 
stimuli at the choice point will be attached to responses occurring 
much later in the sequence of events, and therefore these stimuli 
will tend to evoke these responses prematurely. Some of these 
responses will be those made by the animal in the goal. To quote 
Hull (1952): 
consider an organism which is presented with a sequence or chain 
of external stimuli, Sı, Se Ss, Sa and Se, and which makes a 
sequence of responses Rı, Re, Rs, Ry and Re, where Sg is the food 
stimulus and R« is the consummatory response, €.8. that of eat- 
ing. The organism is assumed to be hungry so that Spn the drive 
stimulus of hunger will accompany the Ree or eating response. 
The preceding considerations show that Rg may be reinforced to 
the persisting Sp and to the rather differently persisting traces of 
Sis Sa; Sys S, and Sc. 
Hull then goes on to explain why rgs are evoked in such a way that 
they are not observed. 
It follows that on a repetition of this sequence there will be a 
tendency for Sp, together with the traces of S,, Sa S3, and so on, 
to evoke Rg at the outset of the sequence and more or less con- 
tinuously throughout it except insofar as there may be a conflict 
between Rg and the necessary instrumental movements of the 
sequence, such as R Rs, Rs and Ry. Presumably in any such 
situation the instrumental acts would ‘dominate the conflicting 
position of the antedating generalized act, permitting the non- 
conflicting or fractional portion to persist in a covert form. 


This fractional portion of the response he calls rg. This rg in its 
turn generates s,, a characteristic proprioceptive stimulus. The 
animal produces such proprioceptive stimulation through its own 
responses. The fractional antedating goal reaction occurs as a part 
of a chain of stimuli and responses which are reinforced abd the rg 
and the s, generated by it are like other stimuli and responses. They 
therefore obey the same rules as were outlined above for other stimuli 
and responses. wa 4 
Now how is the introduction of this notion used by Hull (following 
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the suggestion of Spence, Bergmann and Lippitt) to overcome the 
difficulties which the Kendler double-drive experiment offers his 
theory? 

Spence, Bergmann and Lippitt say (1950, p. 549) that “. . . the 
stimulus cues in the water arm end box become, during training, 
conditioned to fractional anticipatory drinking acts (rw) and, in 
turn, the proprioceptive cues (sw) resulting from these anticipatory 
acts become conditioned to the response of entering the alley’. 
A similar conditioning of anticipatory eating acts will take place in 
the food alley. What this means is that the stimuli at the choice 
point, which can be called Se, will, through a process of reward, 
come to evoke the fractional components of the goal responses of 
eating, rge, as well as the responses of turning right and left, Rr and 


Ry. rg. will in turn produce Sge Which is again in its turn conditioned 
to produce Rx. 


During the test series [Spence, Bergmann and Lippitt go on to say 
(loc. cit.)], when only one drive is Operative, the anticipatory act 
related to the goal for which the subject is mot 
of the greater strength of the particular drive stimulus, Hull’s 
principle of stimulus dynamism, be much stronger (more vigorous) 
than the other, and hence will produce stronger proprioceptive 
cues. Thus, if S is thirsty, proprioceptive cues from anticipatory 
drinking responses will be Stronger than those from anticipatory 
eating. As these cues (Sw) will be conditioned to the response of 
entering the alley leading to water, they will tend to give this 
response the greater excitatory Strength (stimulus dynamism). 


However this argument breaks down and, carried to its proper 
conclusion, would predict an inability of the animal to select, Deutsch 
(1956). In the above quotations it is assumed that the fractional 
antedating goal responses both occur a 


; t the choice point simultane- 
ously during training. If Yge and rge occur, then Sge and Sga, the pro- 


prioceptive stimuli generated by them, must occur simultaneously 

also. Therefore, as both sge and Sga are produced at the same time in 

whichever goal-box and by whatever goal substance the animal is 

rewarded, both sye and sga should be attached to both the response of 

turniug right, Rr,'and of turning left, Ry, They should both be 

attached to the alternative responses in the same way as the drive 
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stimuli of hunger (Spn) and the drive stimuli of thirst (Sp;) in Hull’s 
own previous analysis. 

Spence, Bergmann and Lippitt note themselves that during the 
process of training in the maze both drives (SD), and Sp;) will tend 
to be conditioned to evoke both rge and rga. But they say that owing 
to the past history of the animal which usually drinks when it is only 
thirsty and eats when it is only hungry, a learnt connection will arise 
only between Spn and rge, and Spt and rga. They further assume that 
the effects of this learning will be much greater than of the learning 
in the maze when the animals are both hungry and thirsty and an 
‘irrelevant’ connection takes place. Whether this is the case or not, it 
still does not affect the crucial connections between Sge and Rg and 
Ri, (and similarly of Sge), a connection which is only made in the 
maze and on which the animal’s performance should depend. How- 
ever, this suggestion does raise the interesting question whether drive 
discrimination has to be learnt or whether it is in some sense of the 
word innate. The only direct evidence on this matter comes from an 
experiment by Kendler (1949) and by Deutsch (1958) and is not com- 
pletely conclusive. Kendler carried out an experiment on two groups 
of rats, one of which had been normally raised on food and water and 
the other of which had been given a milk-iron-copper-liquid diet after 
Weaning. The training situation consisted of a T-maze with dog- 
checkers [small dog-biscuits] inserted in one box, whereas a milk and 
water solution was placed in the other. Water could not be used be- 
cause the rats brought up on the milk mixture refused to drink water. 


During the test-trials [says Kendler], which consisted of one trial 
daily following deprivation of either food or the, milk-water solu- 
tion, the performance of the experimental and control groups 
were essentially similar. The percentage of appropriate responses in 
groups could be attributed to chance. Two S’s in each group gave 


definite evidence, however, of having lsarned the appropriate 
habits. 


These animals maintained their success for eight successive trials. 

However, the results of these two animals must be treated ‘with 

caution. For an experiment to be convincing, there must be a signifi- 

cant proportion of success on the first test trial. An animal successful 

by chance on the first trial is already being given an opportunity to 
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learn under circumStances of separate drive and separate reward. 
That is why the two animals which maintained their success on 
eight successive trials cannot be regarded as conclusive evidence 
against Spence’s hypothesis that animals must learn to drive- 
discriminate. The results cannot be said to support Spence in any 
way either. Neither group, experimental or control, solved the prob- 
lem and Kendler had already shown that a normal group of rats can 
solve this problem. Their failure in this instance is probably attribut- 
able to the fact that the milk and water solution presented to the 
animals in the maze is, after all, food as well as water, and the animals 
were therefore not presented with a clearcut choice. 

However, even if a significant result had emerged on the first 
trial of the test series, it would not have been free of criticism. 
Kendler says: ‘The motivational condition was controlled by per- 
mitting the animals an unlimited amount of milk-water solution and 
Purina dog Chow Checkers during a one hour feeding period occur- 
ring 21-5 hours prior to the experimental session the following day.’ 
This would give the rats an opportunity of being separately reinforced 
when they were separately hungry or thirsty. 

In Deutsch’s experiment these difficulties were avoided. 21 rats 
were brought up on wet mash and trained in a T-maze which con- 
tained food on one side and water on the other. The animals were 
run when they were both hungry and thirsty. There was only one 
test trial. The animals were divided into two groups according to 
whether they had chosen the food or water side on the last day of 
training. Then they were left with either food or water in the cage 
so that they would have to choose correctly against the side which 
was preferred on the first trial of the previous day. Taking the results 
as a whole, the animals show a significant tendency to choose 
appropriately. However, because of the asymmetry of the correctness 
of the choices between the hungry and thirsty groups the result is 
not as convincing as it might be, though there are possible reasons 
for this. The difficulty is evident when it is stated that the thirsty 
group chose water correctly with only 2 of the animals going wrong. 
The other 8 animals chose correctly in spite of an established 
preference for the food path. However, in the case of the ‘hungry’ 
animals (some of wuich drank after taking the ‘wrong’ choice), only 
one out of the eleven animals chose correctly. 
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For further evidence about the innateness of object-choice under 
physiological deficit (this time, salt) the interested reader should 
consult Thompson and Porter (1953) and Epstein! and Stellar (1955). 
The latter authors have demonstrated that the taste for salt and even 
the ability to estimate its deficit are not learnt. 

A further variant of the drive discrimination experiment has been 
performed during the investigations of latent learning, of which one 
may instance that by Spence, Bergmann and Lippitt. Here animals 
merely come across food on one side of a T-maze and water on the 
other when they are neither hungry nor thirsty. They are induced 
to run the maze by giving them an opportunity to meet another rat at 
the end of their run, Now if this reward occurs at some distance 
from the locus of the food or water, the rats, when made either 
hungry or thirsty, tend to respond appropriately. (For a fuller dis- 
cussion of this subject, see Deutsch 1956). 

Experiment I. To investigate whether the rat, hungry and thirsty 
and rewarded in separate places for food and water, can then select the 
appropriate place when it is left hungry (or thirsty) and satiated for 
water (or food). It is possible to replicate Kendler’s double-drive 
experiment in the practical class with some modification, It is 
evident, however, that a statistically significant result cannot be 
obtained in one afternoon’s work. However, the interest in work with 
animals (or indeed in any experiment) should not be exclusively in 
the result. Mere observation and familiarity with the animal brings 
a fresh insight and life into the problems of animal work, which 
cannot be appreciated by reading only. However, results are impor- 
tant and it is suggested that a score should be kept by the class so 
that individual experimenters can each contribute to a final tally. 

The experiment to be carried out consists essentially of taking an 
animal which is both hungry and thirsty and rewarding it by allow- 
ing it to eat in one place and drink in another. The animal is then 
Satiated for water, and then its choice of goal is noted on the next 
run. 

Apparatus. A simple T-maze with goal-boxes which cannot be 
seen from the choice point. ‘The floors of the goal-boxes should be 
Covered one with cloth, and the other with paper. A small dish of 
Water is placed in one goal-box and a small food receptacle is placed 
in the other. 
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Fic. 7-1. 


Subjects. The rat should not be younger than three months or 
older than six months, Below the lower age, deprivation has effects 
which are too severe, above the higher age the animal does not learn 
so well. The animals should be run about 1 hour before the usual 
feeding (or drinking) time. They should have been thoroughly 
tamed as pointed out above. i 

Method. The rat should be placed at the starting point oe 
experimenter, with its head pointing away from the choice point. 
This is customary because it is thought that in this way the eee 
menter is less able to impart an unconscious bias to the animal’s 
choice by Pointing it towards one of the alleys. The animal sigila 
be left to eat in the goal-box for five seconds and to drink for three. 
In this way it is unlikely to become satiated at the beginning of the 
experiment, After the animal has consumed the reward substances 
for the above times, it should be picked up and replaced at the start. 
Twenty trials in all shôuld be run. After the twentieth trial, the 
animal should bè allowed to drink its fill (preferably not in the maze; 
the starting box is a good place). It should then be replaced rn 
Starting point. Its choices should"be recorded for another ten trials. 
The use of blocks should be avoided throughout, unlike the con- 
4 in Kendler’s original expeyiments (cf. Deutsch and Anthony 
1948). 

Results. It is only the first choice of each animal which is really 
significant. The number of animals which can be run in any one 
Period is to a large extent a matter of luck. Somg animals = 
witlt alacrity, othets with torpidity and there are those which simpIY 
refuse to budge. However, it may be instructive to compare the 
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recorded sequence of choices when the animal was acting under 
both drives with those executed when it was only acting under one, 
and to use the sequence of the animal’s previous’ runs as a sample to 
test against the sequence executed when it was no longer thirsty. 
This will give some answer to the question: Given that an animal 
has learnt the two behaviour sequences, how well can it discriminate 
its drives ? But it will not answer the other question Kendler set 
out to answer: Has the animal learnt which behaviour sequence led 
to the satisfaction of either one of the drives when both were present ? 
Only the first trial provides a test of this, because after this test trial 
the animal may already be exhibiting learning under only one drive 
(which took place during the test trial). 

Discussion. The experiment on double drive discrimination raises 
several and important issues. It is evident that the animal’s abilities 
in this situation cannot be explained on the conditioning principles 
of Hull. Hull regards drive as a persistent stimulus (as Freud did a 
long time before him, for instance in Instincts and their Vicissitudes 
(1915), p. 118, Standard Ed. Vol. XIV, and in Section I part I of his 
Project for a Scientific Psychology (1895)). This stimulus for Hull 
becomes attached in learning to a response when their conjunction 
Occurs close to the diminution of this stimulus. It is this removal 
of the stimulus which is rewarding or satisfying. Here again there is a 
Close parallel between Hull and Freud. ‘What does away with a 
need’, says Freud (Instincts and their Vicissitudes), ‘is satisfaction. 
This can be attained by an appropriate (“adequate”) alteration of the 
internal source of stimulation.’ This expression of Freud’s ‘principle 
of constancy’ is very close to Hull’s thinking. Unfortunately, these 
basic notions appear on closer examination to be*without a great 
deal of foundation. Freud never worked them out closely in relation 
to the type of situation we are considering. But Hull’s own elabora- 
tion does not seem adequate to explain even the very simple experi- 
ment we are considering. The notion that drives work like environ- 
Mental stimuli in selecting responses is probably at fault. 

Another way of considering the matter has been put forward by 
Deutsch (1953, 1956). In this theory, reinforcement is not due to 
diminution in drive. Stimuli are linked together in the order in which 
they occur, forming sequences. Some sequences niay have the stimuli 
of water incorporated in them and some those of food. When the 
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animal is thirsty, tae parts of the sequence which correspond to 
‘water’ are excited by dehydration, and the excitation spreads to the 
rest of the sequence. When a sequence is excited, the stimuli in it 
become attractive to the animal. That is, the animal begins to steer 
towards them. As the sequences are formed independent of the drive 
states and represent only the order of the incoming stimulation, two 
separate sequences build up, one with ‘water’ in it and the other 
with ‘food’, When the ‘water’ sequence becomes excited on its own, 
only the stimuli leading to water are attractive. In this way the 
animal takes the path appropriate to its need. 


EXPERIMENT II 


Spontaneous alternation in the rat. In most experiments on rats in a 
T-maze, a reward is placed in one of the arms of the maze and the 
rat soon learns to which side of the maze to run in order to obtain 
the reward. The successive choices of the rat exhibit a statistical 
dependency. A run to the side which is rewarded raises the prob- 
ability of a run to the same side on the next trial and lowers the 
probability of a run to the opposite side. Further, the greater the 
number of past runs to the side which contains the reward, the more 
likely is another run to this same side, Accordingly, if a rat is run 
in a maze where there is reward on both sides, we should expect one 
side, if there is no initial bias, to have a larger number of runs by 
chance. This chance majority we should then expect to determine the 
rest of its runs. Having run, say, three runs to the right and only one 
to the left, we should expect as more likely a repetition of the most 
frequent previoys choice. However, this is not the case. Nor is it 
the case that the choices of the animal do not influence each other 
successively. They are not randcm. Instead we tend to observe a 
regular pattern of spontaneous alternation, Having chosen left, the 
animal is very likely .o choose right. Tolman described this un- 
expected tendency as long ago as 1925. 


A simple T-maze was used, and it was arranged so that the animal 


could get back to the food box in identical fashion whether he 

chose the left or the right angle of the T. Either route met with 

success... [There was] a very pronounced tendency towards con- 

tinuous and regular alternation left, right, left, right or right, left, 
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right, left . . . It appeared, in short, that even where either side 
was equally ‘satisfactory’, there was in our rats a positive tendency 
left over toward variation of response. 2 


This tendency to alternate without any training was again observed 
by Wingfield and Dennis (1934) and then further investigated by 
Dennis (1939). 

This work was continued by Heathers (1940). He found, using a 

T-maze, that the likelihood of the repetition of a rewarded response 
went up the longer the time between the first and second choice. A 
repetition of a response was very improbable at 15 seconds between 
choices. He also tested at intervals of 30, 60 and 120 seconds and he 
found that the probability of an alternation decreased with increasing 
time interval. Such a finding has an important bearing on the problem 
of the lower efficiency of massed (i.e. closely spaced) trials and spaced 
(i.e. widely spaced) trials in learning. We should expect, according 
to the findings of Heathers, that there is less repetition of responses, 
whether they are correct or incorrect, when they are widely spaced in 
time than when they are closely spaced. This is indeed what was 
found by Ericksen (1939, 1941) who found that massed practice 
increases the variability of responses on successive trials. 
_ What is the explanation of this curious phenomenon ? Some of the 
investigators of this phenomenon (e.g. Zeaman and House 1951) 
have tried to explain it in terms of Hullian theory, or more explicitly 
ın terms of his eighth postulate (the Miller-Mowrer hypothesis). 
This States that ‘all responses leave behind in the physical structures 
volved in the evocation a state or substance which acts directly to 
inhibit the evocation of the activity in question’ (1943, p- 7). This 
State or substance is called ‘reactive inhibition’. It is supposed to 
vary directly with the amount of work involved in the response 
(though it is never made entirely clear whether this is ‘work’ or 
effort’), (A summary of the influence of work on subsequent be- 
haviour is to be found in Solomon (1948), areview which should be 
approached critically.) Reactive inhibition is further supposed to 
dissipate with time (e.g. Heathers 1940 supra).) 

Accordingly the occurrence of a response reduces the probability 
of its repetition, Further, it would be predicted that the probability 
of repetition is reduced by the number of times it has been executed 
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and the amount ofwork expended in each response. Zeaman and 
House (1951) found that the first was the case. Animals which were 
forced to run down’one of two alleys many times in succession had a 
heightened preference for the other when it was opened. However, 
Mowrer and Jones (1943) did not find support for the second part of 
the prediction. They did not find that animals would alternate more 
when the two levers, either of which they could press to obtain a 
reward, were more heavily weighted. However, they did find that 
extinction did proceed more quickly when the levers were heavier 
as would be predicted, but this finding has been shown to be arte- 
factual by Trotter (1956). 

There are other difficulties for this theory. Dennis (1939) found 
that rats did not alternate in their successive turns in a multiple 
square maze. They did not go right, left, right, left, but might turn 
left all the time. But they would alternate their successive choices 
at the same choice point. That is, having gone left on the previous 
trial at a certain choice point, they would tend to go right at that 
point on the next trial. Though this is not a clearcut objection because 
of the turns a rat has to make between one choice point and the next, 
it does suggest that a different factor is at work. 

A more direct difficulty for the theory has been posed by Jackson 
(1941). He attempted to vary the amount of similarity in the two re- 
sponses to be made at the choice point. He used a Y-maze with an 
angle in the Y which could be varied. The amount of alternation ob- 
tained did not correlate with the size of this angle. However, the most 
clearcut demonstration that the reactive inhibition of a response is 
not the operative factor has come from Montgomery (1952). This 
worker trained rats in an X-maze with equal rewards on the ends of 
one of the diagonals. He thus had a choice of starting point. If rats 
alternate their responses they should run toward the same goal if they 
are started from two different starting points in succession. On the 
other hand if they alternate on a principle of stimulus or goal alter- 
nation they should alternate between the two sides in spite of having 
to execute two similar turning movements in a row. Montgomery 
fouind that the results obtained in this situation did show stimulus or 
goal alternation. What seemed to matter was the direction of the 
previous run rathtr than the previous turn. Glanzer (1953b) per- 
formed substantially the same experiment with a similar result. 
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Glanzer (1953) has suggested that the phendinena we have been 
considering can be explained in terms of stimulus alternation, rather 
than in terms of response alternation. He assumes that ifa stimulus at 
the choice point has been effective in eliciting a response, its effective- 
ness will be diminished and only gradually return to normal in its 
capacity to elicit a response. Though this suggestion would explain 
the phenomena so far considered, Glanzer seems somewhat hazy by 
what he means by a stimulus. He seems mostly to mean ‘stimulus’ in 
the accepted sense, that is, some afferent process generated by recep- 
tors and indirectly by some physical energy falling on them. How- 
ever, in some deductions from his theory he uses the word ‘stimulus’ 
for parts of the animal’s environment which are not at that moment 
impinging on the animal’s receptors. For instance, he says (p. 264) 
‘The author found that when rats were detained in the end box of the 
alternative chosen in the first run in a T-maze, 96 per cent of the 
group showed spontaneous alternation on the following trial... 
When they were not detained, spontaneous alternation varied be- 
tween 72 and 88 per cent.’ In a further paper (Glanzer 1958), he 
claims that the tendency of a rat to run to the goal-box other than the 
one in which it has been placed, constitutes a support for his general- 
ization of ‘stimulus satiation’. He does not attempt to justify this ex- 
tension of the word stimulus. If an animal has been placed in a goal- 
box which is not visible from the choice point, then chooses to run to 
the other goal-box when it is again placed at the choice point, this 
can hardly be attributed to the lessened efficiency of the stimuli in the 
first goal-box to elicit responses. This goal-box simply does not stim- 
ulate at the choice point and it is difficult to see what Glanzer can 
mean. Perhaps he means ‘potential stimuli’ but of’ course potential 
stimuli are not actual stimuli to an animal and can hardly be physi- 
cally effective. The theory does not explain how an alteration in the 
effectiveness of stimuli which are anyhow absent can affect the ani- 
mal at the choice point. a 

Another suggestion which has been made to explain spontaneous 
alternation is that involving exploration or curiosity. This nas been 
put forward by Montgomery himself (1952) and Berlyne (1951). To 
Some this may seem to be a case of obscura per obscuriora, but the 
theory does have some points of plausibility. It has been shown \Ber- 
lyne 1955; Dember 1956) that rats will approach novel stimuli. If a 
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rat has turned one ‘vay in the T-maze, it is more likely on the next 
occasion to turn the other, because this is the way which is now more 
novel. But such a suggestion seems unlikely for the following reason. 
Sutherland (1957) and Glanzer (1958) have found that rats, after they 
have been manually placed in one goal-box, will tend to run to the 
other when given the choice. Berlyne and Slater (1957) have found 
that rats will not learn to run to a goal-box in a T-maze where they 
are presented with novel stimuli, even though they approach these 
when they come across them in the goal-box. It appears that a rat 
will not choose a path only because there is a novel stimulus at the 
end of it, where it cannot be sensed from the choice point. However, 
in Sutherland’s and in Glanzer’s experiment, both maze arms visible 
from the choice point were equally novel. It was only one of the goal- 
boxes which the animals could not see which were more novel, and it 
was to these that the animals ran. If animals do not run to novel situ- 
ations when they are out of sight (or not impinging on the sensor- 
ium), Sutherland’s or Glanzer’s animals could not have been alter- 
nating because of curiosity or explorativeness. As a direct test of this 
assertion, Deutsch and Clarkson (unpublished study) have found 
that though rats show large differences in their tendency to alternate 
and to approach novel stimuli, these differences did not correlate at 
all in the group of 24 animals they used. This makes it highly unlikely 
that curiosity causes alternation or indeed that there is any common 
cause in the production of these two phenomena. 

A theory which can account for the phenomena of spontaneous 
alternation within a larger framework has been put forward by 
Deutsch (1953, 1956). This theory was able to predict goal alter- 
nation in advance 1953 and thus Sutherland’s (1957) and Glanzer’s 
(1958) experiments provide a test of it. We should on this theory 
predict that if an animal is equally rewarded and trained on two sides of 
a T-maze, where goal-boxes are out of sight at the choice point, then if it 
ts directly placed in one of the two goal-boxes and rewarded there, it 
should tend to run to the other when it is placed again at the entrance of 
the maze'and given a free choice. This prediction is confirmed by the two 
experiments quoted above. 

Experiment. To investigate the response dependenc» between a rat’s 
successive choices of two equally rewarded alternatives and to study the 
factors which influence this dependency. It is possible to replicate some 
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of the spontaneous alternation studies with quije good results. The 
first part of the experiment consists in training an animal to run a 
T-maze with both goal-boxes containing a reward. The fact of 
regular alternation can be verified in this way. The second part con- 
sists in leaving the animal four minutes between trials first outside 
the maze and then confined in the goal-box it has chosen. The third 
part of the experiment is to place the animals in one of the end 
boxes directly, rewarding them there, and to observe their behaviour 
on the following trial. Except for the initial training period, the 
parts of the experiment ought to be done in a different order for 
each rat. 

Apparatus. A simple T-maze, as in the previous experiment. The 
two goal-boxes should again be differentiated by using different kinds 
of floor covering. Two small dishes, again different, should be placed 
in the two goal-boxes. A solid wooden block, the width of the alley, 
should be to hand. This is to confine an animal in a goal-box. The 
use of this is preferable to that of one way swing doors, as most ani- 
mals are rather shy of these. 

Subjects. These should be thoroughly tamed rats from three to six 
months old. They should be run about I hour before usual feeding 
time, having been accustomed to this schedule for some weeks. 
Otherwise they might be too hungry for optimum alternation. Ifthey 
have not been previously accustomed to the schedule, 8 to 12 hours 
before feeding is desirable. 

Method. The rats should be placed in the maze by the method des- 
cribed in Experiment I. They should be allowed to eat for five 
Seconds in each goal-box, When it is necessary to detain them in a 
goal-box, the wooden block should be placed in the entrance of the 
goal-box. The rat should be given frequent opportunities to drink 
throughout the experiment. Othérwise they may not cat owing to 
excessive thirst. If it is possible, wet mash ought to be given as a 
reward in the goal-boxes and then drinking need not interfere with 
the conduct of the experiment. Twenty trials should be given in the 
initial training, and ten in each subsequent condition. 

Results. The results may be assessed by counting the numbe:s of 
RL and LR combinations as against the number of LL and RR com- 
binations (R = right, L = left), In a strictly random sequencs, the 
Percentage should be so per cent. Percentages may be compared 
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between the differen: conditions. The significance of the results may 
be assessed by employing standard statistical techniques. 

Discussion. The spontaneous alternation experiment is one of the 
most convincing in demonstrating the remarkable regularities in be- 
haviour and the effects of sequential response dependency. Similar 
effects are of importance in human experimentation. Response de- 
pendencies have been demonstrated even in the remote field of 
threshold measurement by Howarth and Bulmer (1956). However, in 
this case it is not clear whether it is the response itself which gener- 
ates the dependency or whether it is the stimulus generated by the 
response which is the causal factor. In the rat’s case, it appears to be 
the stimulus or goal factors which are responsible. 

In this experiment, even more clearly than in the last, it is shown in 
the Sutherland-Glanzer situation that the animal’s choice can be in- 
fluenced by the goals of its activity. These goals control the animal’s 
activity in a way which cannot be described in stimulus-response 
terms. For when the animal is actually making the choice, it seems in- 
fluenced not only by what it senses or perceives at the time but by an 
expectation of the consequences of its actions. This way of talking is 
of course no explanation but it does seem to give a closer description 
of the animals’ behaviour than more cumbersome, circuitous and 
respectable periphrases. Psychologists have reacted in two ways to 
this embarrassing behaviour on the part of the rat. The first way has 
been that of Tolman. The description in terms of expectancy has 
been treated as an explanation. The problem is solved by attaching 
the comforting labels of everyday speech to the phenomena. The 
other way has been like that of Hull. This is to derive the phenomena 
against all plausibility and even logic (see Deutsch 1956b) from sup- 
posedly more basic phenomena such as the principles of condition- 
ing. However, such phenomena are’so widespread and so striking that 
they deserve attention in their own right. 

As has been mentioned above, Deutsch (1953, 1956) has put for- 
ward a theory, according to which stimuli are formed into sequences 
depending on the order in which they occur. When excitation is in- 
troduced into this sequence, from one end, for instance, the stimuli 
in this sequence will pass it on from one to the next till the whole 
sequence is excited. When a Sequence is excited, the stimuli in it 
become attractive. However, if a stimulus in the sequence actually 
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occurs and is sensed by the animal, excitation cea¢es to be transmitted 
by it to the other stimuli which were having it passed on through it. 
This transmission gradually resumes as time passes. In this way the 
phenomena of spontaneous alternation may be understood. If there 
are two sequences and the attractiveness of a stimulus is propor- 
tionate to the amount of excitation it is receiving, then if one sequence 
has been sensed it will transmit less excitation and so be less attrac- 
tive for the moment. Similarly, if the part of the sequence nearer the 
source of excitation is sensed without all the sequence having also 
been sensed, no excitation will be passing momentarily through the 
stimuli nearer the source, so that the further stimuli in this sequence 
at the choice point will themselves not be attractive. Though this 
argument is rather loosely put for the sake of brevity, it led (Deutsch 
1953) to the prediction of the Sutherland-Glanzer phenomenon. Ex- 
posing an animal to stimuli anywhere in the sequence should make 
the members of the sequence further from the source of excitation 
less likely to be chosen. 


EXPERIMENT III 


Latent extinction. Latent extinction is so-called by analogy with 
latent learning. In a latent learning experiment an animal is shown a 
reward for which it is not motivated during its meanderings in a maze. 
Though its performance at the time does not seem to be affected by 
this reward, such learning has in some senses taken place. The ani- 
mal changes its performance as soon as the reward becomes relevant 
to its needs, or at least does so in some situations. In other latent 
learning experiments, the animal is only shown a complete environ- 
Ment such as a maze with no reward it in. Though at the time its per- 
formance gives no hint of it, as soon as a reward relevant to its needs 
has been found by the animal, a change which can only be attribut- 
able to past learning comes over its behaviour in the further series of 
trials. In these cases, the correct instrumental sequence of responses 
suddenly occurs when a reward or a need for it occurs. In latent ex- 
tinction, the correct instrumental sequence of responses disappears 
When the reward, disappears. But the instrumental responses dis- 
appear without having been performed. For instance, ifarat has been 
Placed in a goal-box (previously baited with reward when it has run 
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to it) and found it efpty, it will then show a reluctance to run to this 
goal-box and prefer another when it is given the choice. Thus latent 
extinction is really the extinction of an instrumental act without its 
performance. 

Hull of course has no difficulty in interpreting the data on ordinary 
extinction on his eighth postulate (concerning reactive inhibition). 
All responses when made leave behind them a state which opposes 
their repetition. Usually, when a response is rewarded, this tendency 
not to repeat the response is more than compensated for by the re- 
ward. When reward fails to occur repeatedly, then the state opposing 
the repetition of the response builds up to such an extent that the re- 
sponse is no longer repeated. However plausible such a view might be 
when a response fails to appear after actually having been elicited, it 
cannot, as it stands, explain the case where the response fails to 
appear where it has not occurred. 

Cases of this kind have now been reported quite frequently in the 
literature. (For a summary, see Moltz 1957.) For instance, Seward and 
Levy (1949) have reported an experiment of this kind. In this, two 
groups of rats, E and C, ran down an elevated pathway from a start- 
ing platform to a goal platform for a food reward. After some train- 
ing, each rat in Group E was placed on the goal platform with no food 
on it. The C group was identically treated except that it was placed 
on a strange platform. ‘Five such treatments were given . . . On the 
following day all rats were given extinction trials to a criterion of two 
successive refusals to leave platform A (the starting platform) within 
three minutes. Group E reached the criterion in a mean of 3°12 
trials, Group C in 8:25; the difference was significant at the -0I level.’ 
The experience’ of the empty reward platform seems to have re- 
duced the animals’ tendency to leave the starting platform. 

Another study of the same type has been performed by Deese 
(1951). In his experiment, Deese rewarded rats on one side of a U- 
maze by giving them food. After the rats had been trained, he placed 
those in the experimental group in the empty goal-box for four one 
minute periods. The control group was given no such training. The 
experimental animals, which were afterwards run to the goal-box, 
did so a smaller number of times than the control group. 

_ Though the above data seem directly to contradict the Hullian 
viewpoint, Moltz has recently attempted an explanation of latent 
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extinction by an extension of Hull’s theory. Tilis he attempts to do 
in terms of antedating goal reactions. Hull suggested that a part of 
the stimulation in a goal could be displaced and occur in parts of the 
stimulus-response sequence remote from it. He assumed that a stimu- 
lus, when it was triggered off by an external event, would persist longer 
than this external event and would take some time to die down. This 
persisting trace of the stimulus, Hull assumed, could be linked to 
responses occurring much later in time. The responses which had in 
this way been conditioned to the trace stimuli could also be evoked 
by the stimuli as soon as they occurred before they became traces. 
However, these responses would be made more weakly and would 
therefore be swamped except for certain slight responses which 
would not conflict with the stronger responses. As these responses, 
the important ones of which were fractions of the responses in the 
goal, occurred before the goal and were made prematurely, they 
Were called antedating goal reactions. These antedating goal re- 
actions (or r,s) are held to generate proprioceptive stimulation (or Sg): 
As the r.s will occur regularly before the animal is rewarded in the 
goal-box, these r,-s, combinations will become a part of the stimulus- 
response chain leading to the goal, paralleling the main chain of 
stimulus-response (S-R) linkages. 


SR, SIR, 
Sd Le 
i Sg 1g Sg 
FIG. 7-2. 


In the above diagram, if S, is a stimulus and R, is the response 
Evoked by it, S, evokes r, as well as R,, r. in its turn produces sy. Sg 
in its turn evokes R,. In this way, R; is evoked jointly by S, and s,- 

Moltz suggests that latent extinction occurs when an animal is 
Placed in an empty goal-box where it has previously found reward 
because antedating goal reactions occur repeatedly in the goal-box. 
As they are not followed by reward they suffer extinction through 
the accumulation of Ir or reactive inhibition. As these antedating 
goal reactions occur as ingredients of the stimulus-response chain 
leading to the goal, they will not be evoked at a reduced strength, 
their characteristic proprioceptive stimuli will also undergo diminv- 
ton. Therefore a part of the stimulation which normally evokes the 
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responses leading t¢wards the goal will be missing and partial ex- 
tinction will have taken place. 

That this is the case is made clear by referring to the diagram 
above. If the rg-Sg component is removed, only S, will be acting to 
evoke R, and S, to evoke R,. Consequently we should expect R, and 
R, to occur with diminished vigour. 

However, Deutsch and Clarkson (1959) conducted a test between 
this theory and that of Deutsch (1953, 1956). On Deutsch’s theory, 
extinction does not depend on response evocation at all. On this 
theory, a sequence is formed of receptoral mechanisms correspond- 
ing to the order of their stimulation by the environment. Excitation 
is passed on down this sequence from one member to the next. When 
a member is excited, then the corresponding feature in the environ- 
ment becomes attractive. Failure of one stimulus to follow another, 
which precedes it in the sequence, brings about diminution of the 
excitation flowing from one member to the other. Hence all the mem- 
bers on the side of the break further from the source of excitation 
will undergo a lessening of attractiveness. For instance, if food is left 
out of a goal-box and this is shown to a rat which has been running to 
the goal-box for this reward, then the cues at the beginning of the 
maze should be affected by this experience and should not be ap- 
proached so readily. 

The test between the Hullian view and the view stated above was 
as follows. A maze was made with two alternative routes of the same 
length leading to a common goal-box. The rats used in this experi- 
ment were given a free choice of path and were rewarded by food in 
the goal-box whichever choice they made. In extinction, two different 
procedures were used. The first consisted of leaving the goal-box 
empty. According to the Hullian view, the antedating goal reaction 
(tz) should be aroused in the goal-box and suffer extinction as it is not 
followed by reward. This extinction should affect the stimulus-res- 
ponse sequences corresponding to-the two routes equally. The rg-Ss 
components of the habits should be knocked out to the same degree 
in both paths. Therefore the prediction which follows is made from 
Hull’s theory without Moltz’s addition, as the factors which Moltz 
postulates should be equal for both parts. On Hull’s theory, reactive 
inhibition will lead to the extinction of a response which has been 
performed unrewarded. Hence the turn which has just been made 
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previous to the entry into the empty goal-box sh’duld be extinguished, 
whereas the response of going via the alternative route should be 
unaffected. Hence the animals should on the subsequent trial show 
an increased tendency to like the alternative route. On the other 
hand, Deutsch’s theory would say that both sequences had been 
equally interrupted by the rats’ experience in the goal-box and 
accordingly that alternation should remain at the pre-test level. 

In the second condition, extinction was produced by blocking the 
paths leading to the goal-box just before the entrance to it. Here both 
theories would predict a switch to the alternative path. The group 
Was run to demonstrate that the animals had indeed distinguished 
the two alternative paths. The other reason was to obtain some kind 
of baseline for a prediction in the other condition on Hull’s theory, 
because the two conditions (goal-box empty, path blocked) are 
very similar from the Hullian view-point. They are however quite 
different on Deutsch’s theory. 

On the test run with the goal-box empty, nine out of nineteen 
animals alternated, 8-8 alternations per day being the average figure 
for the previous days. However, with the path blocked, there were i7 
alternations out of a possible nineteen. The result accords well with 
the prediction made from Deutsch’s theory. On the other hand, if 
Hullian theory cannot explain the present result, it is unlikely that it 
does correctly explain other latent extinction phenomena, involving 
as they do a capacity on the part of the animals similar to that tested 
in this experiment. 

Experiment. To investigate the effects on a rats subsequent be- 
haviour of discontinuing to reward it in a goal-box, and to determine 
whether it is necessary for responses to be evoked before they can be 
extinguished. This is to test the efficacy of a latent extinction pro- 
cedure and compare it with an ordinary extinction procedure. A 
T-maze is used with a reward in both goal-boxes. The animals are 
trained in the same way as in the alternation experiment, being given 
a free choice of the two boxes. However, after every second free 
trial after the tenth, when the animal should have learnt about the 
identity of the goal-boxes, it should be taken and inserted in’ one 
of the goal-boxes and rewarded, being kept there for 20 seconds 
(the usual feeding time in a box should be five seconds as iù the 
alternation experiment). The two goal-boxes should be chosen by the 
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experimenter in random order when he is inserting the animals. The 
order of the animals’ choice should be recorded, both after the animal 
has made a free choice and after it has been inserted in a goal-box by 
the experimenter. After the twenty training runs, when the animal is 
familiar with the maze and with the experimenter’s procedure, the 
test trials can begin. These consist of giving the animal experience of 
an empty goal-box when it has run to it itself and when it has been 
placed there by the experimenter. The test trials should be continued 
until the animal chooses the previously empty goal-box itself. Six 
training runs should be given between the tests and the whole pro- 
cedure continued till the animal shows signs of satiation. [Make sure 
the animal is not thirsty. When it is thirsty it behaves as if it is not 
hungry (Verplanck and Hayes 1953).] The training runs after testing 
has started should continue to be interpolated with rewarded inser- 
tion in the goal-box. 

Apparatus and subjects. The same as in Experiment II (or spon- 
taneous alternation). It would be advantageous actually to use the 


same animals as in the previous experiment because of their famili- 
arity with the situation. 


Results. Because of the difference in procedure on the previous 
trial, the results from the latent extinction condition and the ordin- 
ary extinction trial are not strictly speaking comparable. However; 
the ; effects of latent extinction can be compared with those of 
ordinary extinction by taking two different baselines. The first is the 
behaviour of the animal on the trials after it has been placed in the 
goal-box during the test series. This can be compared with the be- 
haviour after it has been placed in the goal-box empty. The other 
baseline is the behaviour of the animal after it has run to the goal- 
box when it is full. This can be compared with the behaviour of the 
animal which has run to the goal-box and found it empty. If the two 
baseline figures show agreement, then the two conditions can be 
directly compared. 

A subsidiary experiment on extinction. More dramatic results can 
be obtained by training the animal as in the spontaneous extinction 
experiment for twenty trials and then blocking one of the alleys near 
the goal. The effect of this may be compared with placing the animal 
in the opposite aliey with blocks screening it from the choice point 
and the goal-box (a latent extinction condition). 
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The more pronounced effects in this conditio} in causing the ani- 
mal to switch to the other goal-box, would be ascribed by Hullians to 
the smaller amount of secondary reinforcement in the alley than in 
the goal-box, the box being more strongly associated with food. On 
the other hand, it might be said that there is less confusion or 
generalization between the alleys than between the goal-boxes, be- 
cause a strong common cue occurs in both boxes. Design an experi- 
ment for yourself, testing your own or the above hypothesis to 
account for the difference. 
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